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acquaint the Public,)that it fully appears,:as well from the council- 
books and journals of the Society, as from repeated declarations which 
| have! been made in several former Transactions, that the printing of 
them was always, from time to time, the single act of the respective 
Secretaries, till the Forty - eventh Molume; the Society, as a Body, 
never interesting themselves any further in their publication, than by 
occazionally recommending the revival of them to some of their Se- 
cretaries, when, from the particular circumstances of their affairs; the 
Transactions had happened for any length. of time to be intermitted. - 
And this seems principally to have been done with a view to-satisfy 
the Public, that their usual meetings were theu continued, for the im- 
provement of knowledge, and benefit of mankind, the great ends of 
wn 29 
—— of five yours greatly anlueged, e 
munications more numerous, it was thought advisable, that a Com- 
mittee of their members ahould be appointed to reconsider the papers 
read before them, and select out of them such as they should judge 
most proper for publication in the future Transactions; which was 
accordingly done upon the 26th of March, 1752. And che grounds 
As 


n . 
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without pretending to answer for the certainty of the facts, or pro- 
priety of the reasonings, contained in the several papers so published, 
which must still rest on the credit or Judgment. of their respective 


blished rule of the Society, to which they will always adhere, never to 
give their opinion, as a Body, upon any suhject, either of Nature or 


papers as are read at their accustomed meetings, or to the persons through 


gard to, the several projects, inventions, and / curiosities of various 


or those who exhibit them, frequently take the liberty to report, and 
even to certify in the public news · papers, that they have met with the 
highest applause and approbation. And therefore it is hoped, that no 


wy 


of their choice are, and will continue to be, the importance and ein- 


gularity of the subjects, or the advantageous manner of treating them; 


authors, 
1 that it is an esta- 


S * 


Art, that comes before them. And therefore the thanks, which are 
frequently proposed from the Chair ts be given to the authors of such 


whose hands they receive them, are to be consi ed in no other light 
chan as a matter of ci err r e eee 


ciety by those commu; The like also is to be said with re- 


kinds, which are often exhibited to the Society ; the authors whereof, 


regard will hereafter be paid to such reports, and public notices; which 


e eee e e to the dishonour of | 
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difficulties to which the theory is subject, and showed its in- 


sufficiency to determine the time of emptying vessels, even in 


the most simple cases; I also proved, by actual experiments, 
that, in many instances, there was no agreement between their 
results and those deduced from theory. e ee er 


themselves through pipes, necessarily leads us to suspect the 
truth of the theory of the action of fluids under all other cir- 


cumstances. In the doctrine of the resistances of fluids, we 
see strong reasons to induce us to believe, that the theory can- 


not generally lead us to any true conclusions. When a body 
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2 Mur. Vnc's Experiments on the Resistance 


moves in a fluid, its particles strike the body; and, in our theo 
retical considerations, after this action, the particles are 8up- 


posed to produce no further effect, but are conceived to be, as 
it were, annihilated. But, in fact, this cannot be the case; 
and what we are to allow for their effect afterwards, is beyond 
the reach of mere theoretical „ e Whatever See 
auch 8 — as include in them every n which | is 


on_—_ to ny degree pod uncertainty. We must therefore have 


xeriments, in order to establish any conclusions 
ao. we may — reason. In the paper above 


mentioned, I described a machine to find the resistances of 


bodies moving in fluids; since which time, I have made a va- 


riety of experiments with it, upon bodies moving both in air 


and water, and I have every reason to be satisfied of its great 


accuracy. In this paper, I propose to examine the resistance 


which arises from the action of non-elastic fluids upon bodies. 


This subject divides, itself into agg = may consider 


the action of water at rest upon a body moving in it, or we 
may consider the action of the water in motion — 
at rest. We will first give the result of our experiments in the 
are them with the conclusions deduced 
from theory. Nou the radius of the axis of the machine made 


Use of in these experiments was 0,211.7 in. the area of the four 
planes was g, 7g in. the distance of their centr 
ſrom the axis was 7,57 in. and they moved with a velocity of 
06 feet. in a second. The first column of the following table 
exhibits the angles at which the planes struck the fluid; the 


direction of their motion, in Troy ounces; the third column 


Dy 


s of resistance 


— is Fluids. 3 
gives the reaistance by theory, — | 


chows the power ofthe me ofthe angle to which © the revixtance 


= 
- 
- 


1 


The fourth column was thus computed : 1 ie th 
of the angle to ndius unity, 7 the reiner at that age and 
A ROY then 1”: *:: o, 221: r, hence, s" 


= = 7 and consequentiy m = * 3 and, by sub- 


stituting for r and $ their ceveral corresponding values, ve get 


duke respective values of m, which are the numbers in the fourth 


column. Now the theory supposes the resistance to vary as the 
cube of the sine; whereas, the resistance decreases from an 
angle of go, in a less ratio than that, but not as any constant 

power of the sine, nor as any function of the sine and cosine, 
that I have yet discovered. Hence, the actual resistance is al- 
ways greater than that which is deduced-from theory, assuming 
the perpendicular resistance to be the same; the reason of 
which, in * least, is, that in our theory COR the 

B 2 
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whole of that part of the force which, after resolution, acts 
parallel to the plane; whereas (from the experiments which 
will be afterwards mentioned), it appears that part of that 
force acts upon the plane; also, the resistance of the fluid 
which escapes from the plane, into the surrounding fluid, may 
probably tend to increase the actual resistance above that which 
the theory gives, in which that consideration does not enter; but, 
as this latter circumstance affects the resistance at all angles, 
and we do not know the quantity of effect which it produces, 
we cannot ay how it may affect the ratio of the resistances at 
different angles. s 
In theory, the resistance . to the hs i is SUP- 
posed to be equal to the weight of a column of fluid, whose 
base = g, 7g in. and altitude = the space through which a body 
must fall to acquire the velocity of 0,66 feet; now that space 
is 0,08124, in. consequently the weight of the column = 0,1598 
Troy oz.; but the actual resistance was found to be=0,2g21 02. 
Hence, the actual resistance of the planes : the resistance in our x 
theory : , 2321: 0,1398, which is nearly as 3: 2. 
I am aware that experiments have been made upon the __ 
sistances of bodies moving in water, which have agreed with 
our theory. An extensive set was instituted by D' ALEMBERT, 
 ConDoRcErt, and Bossur, the result of which very nearly 
coincided with theory, so far as regards the absolute quantity 
of the perpendicular resistance. Their experiments were made 
upon floating bodies, drawn upon the fluid by a force acting 
upon them in a direction parallel to the surface of the fluid. 
There can be no doubt but that these experiments were very 
accurately made. The experiments here related were also re- 
peated so often, and with so much care, and the results always 
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agreed so nearly, that there can be no doubt but that 8. 
the actual resistance to a very considerable degree of accuracy. 
In our experiments, the planes were immersed at some depth 
in the fluid; in the other case, the bodies floated on the surface; 
IT Ad Pang 6g nh nie of the 
istances, but by supposing that, at the surface of the fluid, 
— the od of, the Judy: apy. — 
then, when the body Jo dans below the surface; but this, 
1 „appears by no means a satisfactory solution of the 
difficulty. The resistances of bodies descending in fluids mani- 
festly come under the case of our experiments. _ 
Two semi-globes were next taken, and made to revolve with 
nets sides forwards. The diameter of each was 1,1 in. the 
distanice of the centre of resistance from the axis was 6,22 in. 
and they moved with a velocity of 0,542 feet in a second; and 
the resistance was found to be'0,08339 oz. by experiment. By 
theory, the resistance is 0,05496 oz.; hence, the resistance by 
experiment: the resistance by theory 4; 0,083g9 -: 0,054.96, 
agreeing very well with the abovementioned proportion. But, 
when the spherical sides moved forwards with the same velo- 
city, the resistance was 0,034 0z. Hence, the resistance on 
the spherical side of a semi-globe : resistance on its base :: 
0,034 : 0,08339; but this is not the proportion of the resist- 
ance of a perfect globe to the resistance of a cylinder of the 
same diameter, moving with the same velocity, because the 
resistance . upon the figure of the back part of the 
body. c 
4 therefore took two 8 of the Same A as the 
two semi-globes, and of the same weight; and, giving them 
the same velocity, I found the resistance to be 0,07998 oz.; 
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resistunee of a cylinder of the same diameter, and moving 


therefore the resistance on tbe flat side of a seini- globe: the 


with the same velocity :: o, o8 ggg: o, oy g8. This difference 


enn arise eny from the action of the fluid on the back aide 


of tl e, moving with its flat side forwards, being less 
than that on the back of the cylinder, in consequence of which 
the semi-globe suffered the greater resistance. The resistance 


of the cylinders, thus determined directly by experiment, agrees 


very well with the foregoing experiments. The resistance, 


cæteris paribus, varies as the square of the velocity very nearly, 


and may be taken so for all practical purposes, as 1 find by 
repeated experiments, made both upon air and water, in the 
manner described in my former paper. Hence, for different 


planes, the resistance varies as the area x the square of the ve- 
Jocity. Now the resistanoe of the planes whose area was g, 5 in. 
: moving with'a velocity of 0,66 feet i in a second, was found to 
be =/0,2321 oz. Also, the area of the two cylinders was 159 in. 
and their velocity was 0,549 feet in a second; to find, there- 


* 2 


fore, the resista 6e of the cylinders from that of the planes, 


we have 0,66* x 9,79 : 0,542* x1;9 :: 0,21 02 : 0,07975 02. 


for the resistance on the cylinders," differing but a very little 


Bum 0,07998 oz. the resistance found from direct experiment. 


Now, to get the resistance on a perfect globe, we must con- 
sider, that when the back part is spherical, the resistance is 


greater than when it is flat, in the ratio of o, o8gg9: 07998; 


hence, the resistance on a globe : the resistance on a semi- 
globe in the same ratio; but the resistance on the semi-globe 
was 0,094 oz. hence, 0,07998 : o, o8gg9 :: 0,094, 02. : o, og54 


olf. the resistance of a globe; consequently, the resistance of a 


globe: the resistance of a cylinder of the same diameter, mov- 


of Bodies movin ng in Fluids. 
ing with the came vejocity in rr: $0854 nen 


2583. 
2 tre epunn the cen] idle of « globe 


J 


„„ 


veithi aha — in our theory. In the first place, 


the absolute quantity of resistance has been found to be greater 


chan that which we use in theory, in the ratio of o, 232 1: 0,1598; | 


—— 0 the resistance of the globe : the resistance of 
cylinder :: 1 : 2, or as 1,116: 2,2g; hence, by theory, 


distance of the globe too great, in the ratio of 
1! '*; aaa it is too small, from the former consideration, 


of the globe: the resistance in theory :: o, 21: 0, 1398 x 


Thus far we have considered the resistance of bodies moving 


aa 2e 


motion upon a body at rest. 
Ae fee bigh-as Sled with « d which could be 
discharged by a stop-cock, in a direction parallel to the horizon. 


The cock being opened, the curve which the stream described 


and, by examining this curve, it was found to be a very accu- 


rate parabola, the abscissa of which was 19,85 in. and the ordi- 


nate was 30 in. hence, the latus rectum was 180,5 in. one-fourth 


of which is 45,1 in. which is the space through which a body 


must fall to acquire the velocity of projection; hence, that ve- 
locity was 189,6 in. in a second. And here, by the by, we 
may take notice of a remarkable circumstance. The depth of 
the cock below the surface of the fluid was 43717 in; hence, the 


velocity of projection was that which a body acquires in falling 
through a space equal to the whole depth of the fluid; whereas, 


& 


in the ratio of 0,1598 : 0,2g21; therefore the actual resistance 


1118 2: o, 2921: , 1782, which is nearly in the ratio of 4, : g- 


was marked out upon a plane set perpendicular to the horizon; 5 


N U — 
— — — 2 4 1 , 2 — - - . . — 
N — *. * r r » IT EO, 
* 1 * * « 


_ 
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which was 12 inches. 


| 233 inches. Now if » = the velocity of the fluid when 


it issues from the pipe, a =the area of the section of the pipe, 


cular to the plane of the lever, and, at the end which hangs 


ts on the Resistance 
which is acquired in falling through half the depth; the pipe 


the ratio of 1: 
the length of the pipe was g in. and the area of the section 


2, and gave it the greatest velocity possible; 


03045 in.; also, e eee eee 


a eee 
| Ming: manner. The vessel being kept con- 
receive the quantity of fluid run out in any time“ , 
ther wie it, by which'we wol be able to get the quan- 


2 and n = the quantity of fluid discharged in 2”; then 
9:1: * 1 eee but al =m; eee, 


hence, 4 = In the present instance, t= Arn == = 170.63 


cubic Wan Wal 189,6; hence, a = 0,045. 


Let ABC D (fig. 1. Tab. Iden ee of wood, upon 
which are fixed two upright pieces, 7s, tu ; between these, a 


flat lever e ac is suspended, in a perpendicular position, on the 
axis zy, and nicely balanced; and let a be a point directly 
against the middle of the axis, in a line perpendicular to the * 


plane of the lever. This apparatus is placed against the stop- 
cock, at the distance of about 1 inch, and, when the water is let 


gc, let us suppose the centre of the stream to strike the lever 


perpendicularly at e; take ac = ae, and, on the opposite side to 
that at which the stream acts, fasten a fine silk string at c, and 


bring it over a pulley p, and adjust it in a direction perpendi- 


A 
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— which is0 be previowly 
dnermined. —— being n — 
——— 
situation, and that weight, with the weight of the scale, must 
be just equivalent to the action of the fluid. Thus we get the 

perpendicular effect of the water. Non incline the plane of the 
lever, at any angle, to the direction of 'the stream, and adjust 
the string perpendicular to the plane, as before; then put such 
a weight into the scale as will keep the lever perpendicular to 
the horizon, whilst the fluid acts upon it, and you get that part 
of the effect of the fluid which acts perpendicular to the plane. 
In this manner, when the fluid acts oblique to the plane, we 
get the perpendicular part of the force. The second column of 
the following table shows this effect, by experiment, for every 
10th degree of inclination shown in the first column; and the 


| third column shows the effect, by theory, tvs the — 
ee Ber e e ee 
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It appears from hence, that the resistance varies as the sine 


of the angle at which the fluid strikes the plane; the difference 


between the theory and experiment being only such as may be 
supposed to arise from the want of accuracy to * the ex- 
periments must necessarily be subject. 

Let us now first consider, what the whole perpendicular 


resistance by experiment is, when compared with that by 
theory. Now, by theory, the resistance is equal to the weight 
of a column of the fluid, whose base = 0,045 in. and alti- 
tude = 45,1 in. and the weight of that column is = 1 oz. 


1dwt. 10 grs. Homes, the resistance by theory : the resistance 


1 experiment : : 1 0z. 1 dwt. 10 grs. : 1 02. 17 dwts. 12 grs. 


314: 900. 
In the next place, let us examine what is this resistance, com- 


. pared with the resistance of a plane moving in a fluid. We here 
prove, that the resistance of the fluid in motion acting on the 


plane at rest : the resistance by theory :: 900: Z14; and we 


have before proved, that the resistance by theory: the resist- 
ance of a plane body moving in a fluid: : 1598: 232 1; hence, 
the resistance of a fluid in motion upon a plane at rest: the re- 
sistance of the same plane, moving with the same velocity, i in a 


fluid at rest : : goo x 1598 : 514, x 2321 :: 1438200: 1192954, 


:: 6: 5 nearly. Now we know that the actual effect on the 
plane must be the same in both cases; and the difference, 
conceive, can arise only from the action of the fluid behind 
the body, in the latter case, there being no effect of this kind 
in the former case. For, in respect to the pressure before the 
body, that will probably be the same in both cases; for there 


is a pressure of the column of the spouting fluid, acting against 
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the particles which strike the body at rest, similar to * action 
of the fluid before the body, upon the particles which strike 
the body moving in the fluid. Hence, the resistance of the 
planes moving in the fluid, with the velocity here given, is 
diminished about one fifth part of the whole, by the pressure 
behind the body; ; but, with different velocities, this diminution 
must increase as the velocity increases. 

The effect of that part of the force which acts perpendicular 
to the plane being thus established, we proceed next to exa- 
mine, what part of the whole force which acts parallel to the 
plane, is effective. To determine which, the axis w v (fig. 2.) 
was fixed perpendicular to the plane of the lever a bc d, and the 
ends of the axis were conical, and laid in conical holes: - and the 
thread from which the scale was hung was fixed to the edge 
at e, and acted perpendicular to it and the weight drew the 
lever in the direction es, contrary to that in which the fluid 
tends to move the lever, and it acted at the same perpendicular 
distance from the axis below, as the fluid acted above it. Let 
r m 2 be a line parallel to the horizon, when the lever is per- 
pendicular to it, and which passes through the centre of the 
stream; and let zm 2 be also the direction of that part of the 
force which acts parallel to the plane. This apparatus being 
adjusted, the experiments were made for every tenth degree of 
inclination; and here a circumstance took place, for which 1 
can give no satisfactory reason. Having gone through the ex- 
periments once, and noted the results, I repeated them; and, 
to my great surprise, I found all the second results to be very 
different from the first. The experiments were therefore re- 
peated again, and the results were still different. Being certain 
that the experiments were very accurately made each time, I 
C 2 
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was totally at a loss to conjecture to what circumstance this 
difference of results was owing. By repeating however the 


experiments, and observing at what point of the line & the 
centre of the stream acted, I discovered that the effect varied 


by varying that point; that it was greatest when the stream 
struck the lever as near as it could to z; less when it struck it 


at the middle m; and least when it struck it as near as it could 


to ⁊, notwithstanding the stream acted at the same perpendi- 
cular distance from the axis in each case, and the parallel part 
of the force always acted in the line z m z. At the angles 80, 


705 60?, the fluid striking as near as it could to the edge 2, 
gave the lever a motion, not in the direction & m z, but in the 


opposite direction 2 m &, as appeared by taking away the scale. 
I have therefore marked such results with the sign —, the 


motion produced being then in a direction opposite to that 
which ought to have been produced, by that part of the force 
of the stream which acts parallel to the plane of the lever. The 
forces which are here put down, are those which take effect in 
a direction parallel to the plane of the lever, for every tenth 
degree of inclination; the perpenchentar. force being 102. 
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It i is a 3 circumstance, that the effect of the fluid 
at 2 increased regularly as the angle decreased; for, though 1 
did not measure the negative effects, I could plainly perceive 
that that was the case; whereas, the effects at m and æ in- 
creased to about the middle of the quadrant, and then de- 
creased. At 107, the obliquity was such, that the section of 
the stream extended very * from one side of the lever to 
the other. 

As it appears by experiment, that the velocity of the fluid 
flowing out of the vessel was equal to the velocity which a body 
acquires in falling down the altitude of the fluid above the ori- 
fice, the square of the velocity must be in proportion to that 
altitude. To find therefore, in this case, whether the resistance 
varied as the square of the velocity, I let the water flow per- 
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Unmazy concretions have obtained their denominations, like 
most other things, from their obvious properties. According- 
ly, in our language, they are popularly known by the names 
Stone and Gravel, or Sand, from their resemblance to the states 
ol earth so named: and we find names of the same import in 
other languages, such as fog, (ARETEUS;) Alaris, (CzL1vs 
| AUkELIANUS;) wappor, (ARETEUS;) Adidin, (various au- 
thors;) Calculus, (CELsus and PLiny;) Sabulum, (various 
authors.) In other languages, and especially in those now 


II. Experiments and Observations, tending to show the Compo- 


sition and Properties of Urinary Concretions. By George 
Pearson, M. D. F. R. S. e 
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spoken, it is unnecessary to notice names which have the Same 
meaning. - | 
The notion very generally entertained, of the nature of uri- 


nary concretions, consisted with the terms, till the last twenty 


years; although the experiments of SLARE, FREDERIc Horr- 
MAN, and HALEs, long before showed that these substances 


commonly consist of animal matter. Gal Ex indeed imagined 
that e, or viscid animal matter, is the basis of animal 


concretions; but, in his days, earth was believed to be the 
basis of animal matter. Alkaline medicines were, however, 


employed by the Greek physicians, in diseases from calculi. 
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16 Dr. Pransox's Experiments and Observations 

{| 26 The experiments of the alchemists also made it appear, that 
1 5 earth was only a part of the matter of concretions. It was 
_— 99985 probably the observation of the deposition and crystallization 
44 pb saline bodies, which suggested the notion of urinary calculi 
14 being of the nature of tartar. Such was the opinion of BasiL 


14 ES: VALENTINE, and after him of HochExEn, better known by the 
—_ name of PARACELSUS; but, whether the latter adopted the de- 
_ 8 nomination Duelech from its import, or from caprice, has not 
[| been explained. Van HELMonT, a century after his proto- 
=. type PaRACELsvs, being struck with the experiment in which 
he discovered the concretion of salts in distilled urine by al- 
cohol, was led to depart from his adored master's opinion, 
with. respect to the nature of calculi; although he acknow- 
ledges the merit of PaRacELsvs, in having discovered the sol- 
vent Ludus, (a calcareous stone also called Septarium,) which 
Van- HELMONT says is preferable to alkaline lixivium. He also 
says, that when the archeus spirit of urine meets with a vola- 
tile __— spirit, and does not act in a due manner, a con- 
0 will be formed; but, in a healthy state, although all 
urine contains the matter of urinary calculi, no concretion can 
take place, because the archeus, or vital power of the bladder, l 
counteracts its formation. 

As to the kind of — composing 37 the only 3 
tion of earths, till about the last half century, was into absor- 
bent and non- absorbent; but, since the absorbent earths were 
distinguished into calcareous, magnesia, and alumine or clay, 
the calcareous was considered to be the earth of urinary con- 
eretions; apparently however for no other reason but its ob- 
vious properties, and its extensive diffusion through the whole 
animal kingdom. 


At length, viz. in 1776, the experiments of the wonderful 
SCHEELE were published in Sweden, but were scarcely known 
in this country till 1785. These experiments exploded the 
opinion of the earthy nature of calculi, and substituted that of 
their consisting of a peculiar acid, resembling the succinic, 
and of a gelatinous matter, without any earth. Afterwards 
about 58 of their weight of lime was found by BEROMAN; 
which, for a cause now well known, had eluded the acuteness 
of ScurtLe. Although the experiments of ScHEELE were con- 
fessedly unquestionable, and were ably supported by the learned : 

B nOMAN, some very eminent chemists, having obtained dif- 


opinion of the composition of these concretions. The im- 
mortal, and ever to be deplored, Lavoisttr supposed these sub- 
stances to consist of acidulous phosphate of lime and animal 
matter, many of them being partially fusible; but still it was 
the unrivalled ScnEELE who discovered, that the urine of healthy 
persons contains superphosphate, or acidulous phosphate, of 
lime; and who also indicated the experiment which verified 
his opinion, that phosphate of lime is the basis of bone. 
Experiments have been like wise made, for the most part in a 
rather desultory way, and most of them by persons but little 
practiced in chemical inquiries, which at least afford evidence, 
that urinary concretions are very different, with respect to the 
8 5 proportion of the ingredients in their composition, and per- 
haps also in kind. M. Fourxcroy, who however must not 
be classed with inexperienced chemists, I believe first obtained 
prussic acid by fire, and by nitric acid, from these concretions ; 


ferent results by their own experiments, adopted a different 


and showed that they sometimes contain phosphate of ammo- n 


niac and of soda; which may be dissolved out of them by 
MDccxcviII. 2 : 
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water. M. Fourcrov” also says, he found magnesia in the 


intestinal calculus of a horse; which calculus was a triple com- 


magnesia, and one of 5 besides traces of animal and 
* matter.. 
Dr. LIxk, in a very a 2 — published a at Got- 


ns consist of phosphoric acid, lime, ammoniac, oil, the 


of gazes, together with the acid sublimate 


of ScugELE, although he did not succeed in obtaining it. 


It is a proof of Dr. BLack's sagacity, that he should have 
been able to perceive, from a ſew experiments, that urinary 
- concretions consisted of animal matter and the earth of bone, 
| before the composition of this earth was demonstrated by Gann. 


In this historical sketch it should be noticed, that alkaline 


wards by the alchemical physicians, appear to have been laid 


aside by the regular practitioners, for a century or two prece- 


ding their revival, by the famous Mrs. STEPHENs, in 1720. 
Her prescription brought into vogue the theory of these me- 
The successful use, by 
Mr. CoLBoRxE, of potash saturated with carbonic acid, ac- 
cording to the discovery of BEwLEy and BERGMAN,' and the 
still further improvement in practice, from the use of soda, as 


well as potash, super-saturated with carbonic acid, by the dis- 


covery of a peculiar method by Mr. Schw, have com- 
pletely refuted the theory of the agency of Ykalies on. the 
principle of causticity, 

It appears, from the preceding brief history, as well as from 


the confession of the latest and best writers, that the experi- 


* 


bination, of one part of phosphate of ammoniac, two parts of 


ances, though used by the Greek physicians, and after- 
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— hitherto made, rather · afford indications of ** re- 
mains to be done, than furnish demonstrations of the nature 
of animal concretions.” lt is also too obvious to need expla- 
nation, that more efficacious and innocent practice, in diseases 
* from these concretions, can only be discovered by a further 
investigation of their properties. It is with this view, as well 
as for the sake of chemical philosophy, that I think it my duty 
to submit to the Society some of the observations 1 have 
made, in the course of inquiry on this subject. 
The observations which I shall now offer, are hui 
on a substance, which my experiments inform me is very ge- 
nerally a constituent of both urinary and arthritic concretions. 
It is a substance obtained by dissolving it out of these concre- 
tions, by lye of caustic fixed alkali, and precipitating it from the 
solution by acids. In this way, SCHEELE separated this matter; 
but he did not consider its importance, nor of course at all inves- 
tigate its properties. He does not even seem to have been aware 
that it was a distinct constituent part of the urinary concretion; I 
for, when he relates the experiment of precipitating matter 
from the nitric solution of calculus by metallic salts, no dis- 
tinction is made between the precipitations in this experiment, 
and that in the former; yet we can now show, that in the one 
case the precipitate is a peculiar animal oxide, and in the 
other they are metallic phosphates. As SCHEELE obtained an 
acid sublimate, it has been imagined by some writers, that the 
_ precipitate by any acid (even by the carbonic) from the alkaline 
menstruum, was an acid; the same as that obtained by subli- 
mation, and which, in the new system of chemistry, has been 
denominated lithic acid. The following experiments show that 
these substances are different species of matter. 
| D 2 
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II. ExpenMENTs. 
250 grains of a white, smooth, laminated, urinary e 


and the same quantity of a nut- brown one, with an uneven 


surface, both of which were of a roundish figure, were pul- 


ounces, by weight, of lye of caustic soda. The mixture be- 
came thick, and copiously emitted ammoniacal gaz. After 
digestion for a night, and then boiling, with the addition of 

five ounces of pure water, I obtained, by filtration, five ounces 


of clear colourless liquid. Boiling water was repeatedly poured 
upon the strainer, till what passed through it was almost taste- 


less, and remained clear, on the addition of diluted sulphuric acid. 


(a) The matter remaining on the strainef, being dried, was 
an impalpable, white, tasteless, heavy Mearns which * 


96 grains. 


(6) The five ounces of filtrated liquid, OT. been set apart, : 


on standing, deposited a white, opaque, granulated, soap-like 
matter, from a colourless clear liquid. The liquid being de- 


canted, the deposit was dried, and was then an opagye, brittle, 


soap-like matter, which dissolved readily in water, giving a 


clear but not viscid solution, and tasting weakly of soda. This 


soap-like matter weighed 280 grains. 


(c) The decanted liquor, (b,) being mixed with the above 
filtrated liquors, on evaporation to three ounces, afforded no 
deposit on standing, although it was a very heavy and soapy 


»The object of these experiments being principaliy to investigate the properties of 


one of the constituent parts of urinary concretions, which part was previously deter- 
mined (by the test of nitric acid,) to exist in both these, it can be no objection to the 
experiments, that I made use of a mixture of two calculi. 


= verized together.“ goo grains of these pulverized calculi were 
triturated with three ounces and a half, by measure, or five 
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liquid to the feel; but, on adding diluted sulphuric acid gra- 
dually, till it ceased to become turbid, a sediment was deposited, 
which was a very light, white, impalpable powder, in weight, 
when dried, 26 grains. The liquid from which this powder 
was precipitated, being evaporated, afforded nothing but sul- 
phate of soda, and a few grains of crystals, which seemed to be 
phosphate of soda. There was also a blackish matter, which 
burnt like horn, or other animal matter, and did not leave a 
pink or rose - coloured matter on evaporating the solution of it 
in nitric acid to dryness, but left a carbonaceous residue; 
whereas, the white precipitate, so W — a beautiful 
pink matter. 

| (4) 250 grains of the 50ap-like matter (b) being dissolved | 
in eight ounces of pure water; | 
1. A little of this solution, further diluted by one ounce of 
water, grew .milky on adding a few drops of nitric acid, but 
became less so on standing. On adding more nitric acid, and 


LL heating it, the mixture became quite clear : by adding a few 


drops of lye of caustic Soda, a very iet curdy appearance 
took place, 8 
2. On Adding, to the same diluted solution, a little of the 
diluted sulphuric or muriatic acid, milkiness ensued, and re- 
mained, although the acids were added till the mixture was 
extremely sour. On adding lye of caustic soda, much more 
than to zaturate the superabundant acid, the mixture became 
clear again; and, on adding the acids a second time, the milki- 
ness was reproduced. It was found that the milkiness could 
be produced and destroyed, or clearness be produced, by the 
alternate addition of the acid and alkali, for an unlimited num- 
ber of times. If the nitric acid however was used, at length 
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——_ Go precipitated matter. 5 
4. A little of the solution nh the addition of a few de 
concentrated nitric acid, being evaporated to Aryness, 

a pink, and at other times a blood · red, or rose-coloured matter 
was left; which, by further application of fire, became black. 
— — — 


no milkiness could be induced. If carbonate of soda was added, 
in place of the caustic soda, the mixture could not be made clear. 
8. Lime water was rendered turbid by this solution, but I 


* 


4 
— 


not render it turbid. 


6. To the whole of the remaining solution was added diluted 


sulphuric acid, to saturate the alkali. On standing, a copious 


| precipitate took place, from a clear liquid; which precipitate, 

being washed and dried, was a mass of very light, mica-like, 
whitish crystals, amounting to 12g grains. It was estimated 
that the solution used in the Experiments 1.—z. would have 
produced 12 grains, and that the go grains of soap-like matter, 
(6,) not decompounded, would have yielded about 2 


(e) The precipitate, (d, 6.) 

1. Had no taste, nor smell, and did not dissolve in the n 

2. About one part of it only dissolved in 800 parts of boil- 
ing water; which solution did not redden paper stained with 


turnsole, nor the solution and tincture of this test; neither did it 
change turnsole paper, reddened by acid, to a blue colour. On 
cooling, the greatest part of what had been dissolved was de- 


posited, in a crystallized state, equally on the sides and bottom 


of the vessel. This crystallized matter had the properties 
abovementioned (d.). Boiling water was found to dissolve a 


much greater proportion of urinary stone, and also of gravel, 
than of this 3 
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. Lye of mild potash, or subcarbonate of potash, being 
dropped into the solution (e, 2.) with its, crystallized deposit, 
the crystals at first seemed to dissolve; but, on standing, a 
„ 
turbid. 

= The precipitate being boiled with lye of e of 
soda, more seemed to be dissolved than in pure water; but 
the solution was not clear, and, on evaporating it nearly to 
dryness, and pouring cold water upon it, on a paper strainer, 
scarcely any thing but the soda passed through with the water; 
the precipitate remaining behind on the paper. The result 
was the same, when this experiment was made with a lye of 
carbonate of ammoniac. The result was also the same, with 


water in which red oxide of mercury had been boiled; which 


was also boiled with this precipitate, and filtrated after cooling. 
8. A little of the precipitate being triturated with quick- 
lime, hot water was poured upon it. The filtrated liquor gave 
the precipitate back again, on adding muriatic acid. | 
6. The precipitate exposed to flame, with the blowpipe, 
turned black, emitted the smell of burning animal matter, and 
evaporated or burnt away without any signs of fusion; ; main 
ing the platina spoon black. 


. Five grains of n MF rae wits: 


were left to stand in a warm room, during the months of Au- 
gust and September last, without any signs of Pufrefwction, ap- 
pearing, or any obvious change taking place. 
8. Twenty-four ' ounces of boiling water were saturated 
with the precipitate, and divided- into six portions; from each 
of which, on cooling, most of it again precipitated. 
The first portion, on boiling with a little lye of dw of 
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Soda, (the pneumatic apparatus being affixed,) discharged no 


carbonic acid into lime water; but a transparent solution was 


produced, and, on cooling, very little was precipitated. 
The second portion was, in the same manner, boiled in a little 


lye of caustic soda; which gave a — solution on cool- 
ing, without any precipitation. 


The third portion being boiled with lime water, very little | 
more seemed to be dissolved than in pure water. 
The fourth portion being boiled with 4 grains of subphos- 


phate of lime, or calcined bone, no more seemed to be dis- 
solved on account of this addition. 


Nor was more dissolved in the fifth . 4 the addition | 
of 4 grains of phosphate of lime, made by dropping r . 


acid into lime water. 


And the result was the same with the sixth portion, to which 


were added 4 grains of superphosphate of lime, made by add- 


ing phosphoric acid to lime water, so as Just to make a clear 


1 solution, and then evaporating the solution. 


g. Urine seemed to dissolve, or at least to suspend, a greater 
quantity of the precipitate than mere water; 80 wine did wa- 


ter 5 a little sulphate of soda. 


o. The precipitate did not render solution of 3 Soap 
at al curdy; but, on adding the precipitate to on of 


sulphuret of potash, it became very turbid. 


11. The precipitate produced a strong „*** even 


in the cold, with nitric acid, but the fumes were not those of 


nitrous acid: there was a clear solution, which, on evaporation 


to dryness, afforded black matter, surrounded by a pink, or 


blood-red margin. 
12. The substance, with urhuric acid, turned black, and 
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cific gravity of 1,95, were poured upon 7 grains of the precipi- 
tate. A violent effervescence took place, which was soon suc- 


* 
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emitted fumes copiously, which were scarcely those of sulphu- 
" reous acid; and, on evaporation, a black mark only was left. 


13. I first digested, and then boiled, in water, the preci- 


pitate with prussiate of iron; but the filtrated liquor afforded 
no precipitation with sulphate of iron. 


14. Two drachms, by measure, of nitric acid, of the ng 


ceeded by a complete solution. 
A few drops of this solution, being rated on 2 


left a black mark, surrounded by a pink margin. A few drops 


of nitric acid being evaporated from this residue, nothing but 


a still less black mark, and a few red spots remained. 


Nitric acid being added a third time, nothing but a black 


mark, still smaller, remained; which __ disappeared, on 
evaporating this acid from it a fourth time. 


I found that a few drops of this solution, so diluted that thay 


did not contain the , or even a much smaller part, of a grain 
of the precipitate, on evaporation, left a pink stain on glass. 


The whole of the rest of the solution was distilled in a 


very low temperature, so that a only fell about every half- 
minute, till a thick brownish sediment remained, with a red 
margin. A similar distillation was performed, with the distilled 
liquor, a second time, when there remained a little whitish thick 
matter. On a third distillation, as before, with the distilled 
| liquor, towards the close white fumes arose, and about half a 
drachm of liquid, which now remained in the retort, being left 


to stand, prismatical crystals, decussating each other, were 
formed. They had a sharp taste, but were scarcely sour; 
MoccxcviII. 3 
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were very soluble in the mouth, and evaporated in white 
fumes, leaving a very slight black stain. 


165. Twenty grains of the precipitate were nne into 
a tube, 3; of an inch wide in the bore, sealed by melting at one 


extremity; which extremity was coated, and the tube was fitly 
bent for retaining sublimate, and collecting gaz. The tempe- 


rature, from the fire applied, was at first very low, but was 
gradually increased, so as to make the coated part, containing 
the charge, red hot. At first, the precipitate turned black, and 


a little water appeared. Secondly, gaz came over, which had 
the smell of empyreumatic liquor cornu cervi. Thirdly, a 
brown sublimate appeared, and gaz as before, but also with 


prussic acid gaz. Fourthly, black matter, staining the tube, as 
if from tar, or animal oil. On cooling, there was found a.resi- 

due, of nearly three grains, of pure carbon. The sublimate 

was principally carbonate of ammoniac; the rest was animal 
| oil. The gaz discharged was nearly half its bulk, or 5 cubic | 
inches by measure, carbonic acid; and the remaining 5 cubic 


inches were nitrogen gas containing prussic acid and n 


reumatic oil. 
treated in the same manner, the same quantity of reddish ; 
crystals, deposited spontaneously from urine. The result was 


not very different from that of the former experiment. The 


gaz was more offensive, smelling like putrid urine, and the 
carbonaceous. residue was more copious, and contained lime 
and phosphoric acid; at least the lixivium of it became white, 
on dropping into it oxalic acid; and it became sli ightly curdy, 


on adding lime water. | 
I treated in the same manner, some quite round and smooth 
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Live. The carbonaceous residue was not, in weight, 3 grains. 


urinary coneretions subjected to the above experiments united 
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concretions, of the size of black pepper seeds. The products 
were the same as the former, but the gaz was still more offen- 


sive, and in smaller m ; and —_ carbonaceous matter 


was more copious. 7 
1, in the same way, eee 


nut- brown light calculus, which I had previously ascertained 
to contain the matter above described, which was precipitated 


from caustic soda by acids. The products were of the same 
kind as the former; but I could find no trace of phosphoric acid 


in the residue, which I did of lime, and the gaz was less offen- 


It will be proper, before I proceed 


further, to point out 


some mths more obvious conclusions —— cad 


1. ak that | it hes ens be n m of the 


to caustic oo, and was „ from it by acids. how | 


2 4) 


2. This precipitate does not indicate acidity to the most de- 


licate tests; (e, 2.) and, as it is inodorous, tasteless, (e, 1.) 
scarcely soluble in cold water, (e, 2.) does not unite to the 
alkali of carbonate of potash, of soda, or of ammoniac, (e, 3, 


4.) nor to oxide of mercury, (e, 4) 2 


ter, (e, 8.) nor decompound soap, (e, 10.) or prussiate of iron, 
(e, 1g.) and, as its combination with caustic soda resembles 
soap, more than any double salt known to consist of an 


acid and alkali, this precipitate does not belong to the genus 


acids. 


3. As this precipitate could not be sublimed, without being 
— like animal matter, (e, 15.) and also for the 
E 2 


* 


same Sing as the acid sublimate of SIX, or the succinic 
acid: 


are, imputrescibility, facility of crystallization, insolubility in cold 


place, because they relate especially to the agency of medicines 


lt is much to be wiched that we possessed equally delicate tests of the other species 
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4 ea eo. a 
solution with water, it cannot be referred to the animal muci- 
lages. 

5. a Ae un dh und 
the blowpipe, (e, 6.) and its yielding, on exposure to fire in 
close vessels, the distinguishing products of animal matter, 
(especially ammoniac and prussic acid,) as well as on account 
ol its affording a soap- like matter with caustic soda, this preci- 
pitate may be considered as a species of animal matter; and, 
from its composition being analogous to that of the substances 
called, in the new system of chemistry, animal oxides, it belongs 


to that genus. Its peculiar and specific distinguishing properties 
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water, and, that most remarkable property of all others, pro- 
ducing a pink or red matter, on evaporation of its zolution in 
nitric acid. * 


bee tens be iet in this 


for preventing and removing concretions; and of course do not 
properly fall within the views of the Royal Society. | 

Having found the above precipitate to be an wks, and not, 
as is commonly supposed, an acid, I thought it probable that, 


of animal matter, which are confounded together, although, from their obvious pro- 
perties, there is reason to believe they are of very different kinds, as is the case with 
the matter of the brain, liver, voluntary muscles, mucus, &. Mr. HunTe has dis- 
covered a distinguishing specific property of pus, me one is here indicated for the 
oxide of urinary concretions. 
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like other analogous oxides, it was acidiſiable, and I end 
that I had really rendered it into the acid state, by the nitric 
acid; which, in the above experiments, (e, 14.) had imparted 
oxygen to it, and thereby rendered it soluble, deliquescent, 
pungent, and volatile. This change also would account for 
the nitric solution not affording the precipitate. 
In order to obtain, for examination, an adequate quantity of 
this supposed acid, the following experiments were instituted, 
with the three acids (viz. the oxymuriatic, the nitro-muriatic, 
and the nitric,) which can acidify oxides —— to the 
present one. 
Experiment 1. Lune des grains of the cs inal 2 5 
(for so I will now venture to call it,) and three ounces of nitric 


the hydro-pneumatic apparatus was adjoined. 
At a very low temperature, a clear solution was made. - Shi, 
soon after the solution began to boil, 23 ounces, by measure, 
of colourless gaz came over, which were succeeded (secondly,) 
by white fumes, filling the apparatus, ar nd 23 ounces more of 
gaz. Thirdly, a white sublimate ascended, and there was a 
strong smell of prussic acid. The sublimate was very readily 
washed out, being very soluble, and tasted pungent or sharp, 
but not sour. Fourthly, the distillation being renewed, more 
white sublimate appeared, but only g ounces more of gaz came 
over; and then the retort "_ contained a dark-brown Solid 
matter. 

The first portion of gaz, viz. 29 ounces, consisted of about 
equal bulks of carbonic acid and atmospherical air. The se- 
cond portion, viz. 23 ounces, was two-thirds of its bulk 
carbonic acid, and the rest nitrogen gaz. The third portion, 


acid, of the specific gravity of 1,25, were put into a retort, and = 2 


white fumes, and white sublimate. When only about 4.Qrachins, 
by measure, of liquid remained in the retort, a little of it was 
evaporated; and, when reduced to a solid matter, it turned 

black, and took fire, leaving a carbonaceous 
fore this, a margin of beautiful pink nite expand 


Mr rn he wa ap ror —— 
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ot: ounces was atinospherical air, with a little carbonic 
acid. 


| Nitric acid was poured, pm np es bun into 
the retort. An effervescence immediately took place, which was 


gaz of the same kind as before, byt in smaller quantity, with 


Nitric acid was poured, as before, into the retort, for the third 


tins; but very lire yas accended, and much less white fumes 
than before. The distillation proceeded, till about one drachm- 
measure of liquid remained in the retort: this being left to 
stand, prismatic crystals were formed in a very small quantity 
of liquid. These crystals did not taste sour, but sharp, and they 


reddened turnsole-paper. Adding a little soda to a part of them, 
to see whether I could form a neutral salt, I was surprised by 


the extrication of ammoniac. To another portion of crystals! 
added sulphuric acid, which disengaged nitric acid. A third 


portion of crystals, being exposed over a lamp, wholly evapo- 


| rated, without leaving a mark behind. The remaining matter 


in the retort being examined, was found to be nitrate of am- 
moniac. It was plain that the nitric acid had, by parting with 
oxygen to the carbon of the oxide, formed carbonic acid. The 


carbon being thus carried off, of course the nitrogen and hy- 
drogen of the oxide uniting produce ammoniac; which, uniting 


with the redundant nitric acid, composes nitrate of ammoniac ; 


E great part of the nitrate of ammoniac was carried off in the 


Succeeded by a transparent solution. The distillation yielded | 
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tity, and circulating through the bottle. The oxide, by this time, 


formed. 
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vapour state, — white fumes, and — as above 
observed. 


The mode of making the apatite end be awe add 


was of course different from the former experiment. 


Experiment 11. Twenty-five grains of the above animal oxide, 
and half an ounce of water, were put into a bottle capable of 
containing three pints; a stream of oxymuriatic acid gaz, from 
manganese and muriatic acid, was made to pass into the bottle, 


and upon the charge, for twelve hours; and, for twenty-four 


hours more, oxymuriatic gaz kept issuing, but in smaller quan- 


was completely dissolved. Upon adding lime to a little of the 


solution of it, ammoniac was disengaged; and, upon adding 

sulphuric acid, — nr PIR 

On evaporation, however, I obtained nothing but muriate of 
ammoniac, with which was mixed : a little manganes. 


ent, I could not doubt that the carbon had 


In this experi 


been carried off in the state of carbonic acid, by the oxygen of 
the oxymuriatic acid; and thus ammoniac was compounded, 
from the union of the two remaining constituent parts of the 
oxide, vis. the nitrogen and hydrogen. The oxymuriatic acid, 


united to the ammoniac, parted with oxygen, and became mu- 
riatic acid _— evaporation; ; henes, muriate of ammoniac was 


— in. The chove experiment was d a 


the gaz was nitro-muriatic gaz, from a mixture of nitric and 


muriatic acids. The result was the same as in the last experi- 
ment, except that the product v was a mixture of nitrate, and 
muriate, of ammoniac. 


5 and Observations 


eriments of the same kind, but their results 
wid anily Swine ec than chore related, that I shall not 
give an account of them. By the unexpected issue of these ex- 


periments, all my hopes of acidifying the animal oxide were 
exploded; bun H am indebted to-that pursuit, for the curious 
n — peg wen rare 


2tions, (the animal oxide,) into am A 
ad by the oxygen of the above acids; whicd-will be found 


nomena, in a variety of cases beside the present. It now ap- 


pears, that the inflammation mentioned in one of the above 
1 (and which also happened in several others,) on 


v ation of the nitric solution of the animal oxide, was from 
the nitrate of ammoniac, the nitrum flammans of the old ehe- 


of soft extract, on account of the ammoniac already existing in 


these substances. The composition of ammoniac also explains 


the diappearance of the whole matter of same 2orts of urinary 
oncretions, a very small residue of black matter excepted, by 


tion of them in this menstruum. 


urinary concretions. 
1. A small portion of the insoluble matter, being * to 
flame with the blowpipe, did not turn black, nor yield any 


extremely important, as it enables us to interpret many phæ- 


mists, compounded in those experiments. This inflammation 
takes place sometimes, on evaporation of nitric solutions, both 
tions, and of urine itself evaporated to the state 


repeated affusion and evaporation of nitric acid, from the oof: 


It remains for me to give an account of the 96 grains of 
powdery matter left on the paper strainer, (a;) which are 
the insoluble portion, in lye of caustic soda, of * . of 
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—— or of violet juice. 


of insoluble matter consisted of phosphate of lime. Accord 
ingly, the goo grains of urinary eoncretions 

to contain, n | 
Peculiar animal oxide = = 75 
Phosphate of line = 0 8 
Ammoniac, (and most probably ads * united to 


which were not collected and weighed, by estimation 29 
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onell of animal niatter but it became whiter, and I could just 


agglutinate the powder into one mass, — unable 
2 


2. The filtrated liquid, ane e e mates boiled in 


5 became very turbid and white with oxalic acid: with 


lime water it grew barely curdy; and it did not alter the — 


3. The matter 'Gszolved Sone in mae c an 


This nitric — — been „ to carry off 


 mont.of the free acid, inetnatly betame very cundy on the addi 
tion of lime water. 


kan Sl eatabenatienabietc wit. ads 


a copious precipitate of zulphate of lime. One portion of the 
supernatant liquor upon this precipitate, on evaporation, 
an extract-like matter; which readily melted, as phosphoric 


acid does when it is mixed with a little earthy matter. To the 
other portion of this supernatant liquor was added liquid caus- 
tic ammoniac, producing a precipitate which afforded no sul- 


phate of magnesia with sulphuric acid. 


From these experiments it appears, that the 3 96 9 grains 


amined., — 


the ammoniac,) water, and common mucilage of urine, 


300 
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— Expihiments'and-Obtervations 


I hall nent relate some experiments, made in order to ob- 
—̃ V — 
system of chemistry. f E 
* 100 grains of an urinary'concrotion, which had been p pre- 
 viously found to contain principally: the above animal oxide, 
were introduced into à tube 3 of an inch wide; which was 
Sealed at one end dy Anja and which als was ftly-dene Gar 


coated and expand to fire iro oa low tom e we, and gr | 


| n 31¹ th 44009 18 
2. Water . boiling — over the charge, 
which seemed to be burning, and was turned black. 
"3 Gaz deem of the emall of empyremmac lip 
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upper part of the tubs. - ie 
. 1 — ainincaite appacn 
in the cold part of the tube; but in the hotter part, near the 
charge, was tar-like matter, and the gaz discharged had a very 
offensive smell of empyrenmatic * . —_ was 
mixed that of prussic acid. : 
| The oct part of th tab was kept ed ht, or ome un. 
after gaz 'ceaed to come over. 5 nl 
The quantity of gaz amounted to 24 ounces, ** measure: | 
it consisted of nearly 16 ounces of carbonic acid gaz, and the 
mum 22 is 
contained in atmospheric air. 
8. There was a residue of go grains, almost pure carbon; 
and 10 grains of heavy black and brown matter, a little above 
the coated part of the tube. In this last mentioned matter 
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on cooling, a copious deposit of white — The sublimate 


— nitric ackdfroin &. Sulphuric acid did not act upon it 
in the cold; but, when heated, it dissolved it, without efferves- 
cence, from which solution nothing was precipitated by caustic 


behind only a black stain. This sublimed matter did not render 


was no turbid 1 — 2 ensued on n 


. came mature as the muted fue hecoribed. 
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— At about half an ä 
r F 

This sublimed gray unter eee « any ammoniac, 
nor throw down any prussiate of iron, with sulphate of iron. 
It reddened turnsole paper and tincture. It dissolved in caustic 
— — — tor 79 


* Ten grains ofthis — dmbeed n four: ounces of boik- 


had a sharp, but not sour taste. Being boiled in muriatic acid, and 
. —— — but remained; on evapo- 
to dryness — 1 


soda; on evaporating it to dryness, black fumes arose, leaving 


lime water turbid. Boiled in muriatic acid, so as to carry off all 
but a very little free acid, on the addition of lime water there 


oxalic acid. a 1 
The — in the 10 grains of 5 above „ 


From the deposition of these sþicula by cooling, and from many of the followin $ 


properties, they appear to be analogous to benzoic actd. 


Fe 
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The whole of this'snblimate amounted, by estimation, to 18 


grains; and I apprehend it is the acid sublimate of ScnttLE. 
The sublimate of carbonate of ammoniac amounted to 20 
grains; and it was black piece AE animal oil which 


Stained the tube. 


This experi inc econ; ie nut-brown, 


very light, urinary concretion. The result was not very diffe- 
rent from that of the former experiment, except that the gaz 
contained a portion of hydrogen gaz. There were go grains 
of the above described Spicula, principally mixed with carbo- 
naceous matter: they were light, nad mos __ a "oy _ 
1 x 


ent repeated a nne with 80 grains of 


urinary concretion, afforded 15 grains of 2 white Spicula above 
described, mixed with carbonaceo 
did dissolve in a large proportion of muriatic acid; which solu- 
Under the flame applied by the blowpipe, they first melted, 
and then evaporated, without any smell; leaving a __= black 
mark. Turnsole was reddened by these Spicula. 


In a fourth experiment, I found the white rl contained 


in the carbonaceous matter united, on boiling, with carbonate 


of soda, as well as with caustic soda; but, as before, muriatic 


acid precipitated nothing from the solution. These Spicula 
could not be dissolved in nitric acid; nor did the solution of 
them in water become turbid with oxalic acid. Their taste was, 


as before, rather bitter and sharp than sour. A very suffocat- 
ing smell issued forth, on breaking the tube used in this expe- 
riment, but it was not from sulphur, nor from prussic acid. 


These I found 
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These experiments afford evidence of the wide difference be- 
tween the animal oxide above described and the acid sublimate 
of SchEELIE.“ 

If this conclusion be allowed to be just, it will be necessary 
to give a name to this urinary animal oxide. Agreeaþly to the 
principles of the new chemical 1 the name should 
be Lithic oxide. But the term litbic is a g ss solecism; and 1 
trust that philological critics will find "og name ouric Or uric 
oxide perfectly appropriate; for, if it be thought objectionable, 
on account of the existence of the matter in arthritic as well 
as urinary concretions, still philology will allow its admission, 
as in other similar cases, cr £Zoxw ; it being found in greater 
abundance, by far, in the urinary passages in other situa- 
tions, and therefore falling%under common observation, as an 
ingredient of the urine. If, however, the term lithic oxide, or 
any other denomination, shall e ee 1 shall = 
willingly adopt it. T4 
It requires no sagacity, in a person contained with the facts 
of the preceding experiments, to perceive that they are appli- 
cable toa variety of uses in chemical investigation, and in the prac- 
_ tice of physic. The latter I of course take no notice of in this 
place; but, relative to the former uses, I shall particularly point 
| out, that we are now able not only to detect, in the easiest man- 
ner, the presence of the minutest proportion of the above animal 
oxide in urinary concretions, and also in other substances, but 
| even to determine its Proportion to the other constituent parts, 


From * experiments, it now appears very doubtful whether the litbic acid of 
SCHEELE exists as a constituent of urinary concretions, or is compounded, in conse- 
quence of a new arrangement taking place, of the elementary matters of the concretion, 
by the agency of fire; but it is demonstrated, that the urinary animal oxide is really a 
constituent part, and even a principal one, of almost all human urinary calculi. 
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a bottomed matrass or glass dish, and a lamp. By this 
method, I have, in a general way, examined above goo speci- 
mens of concretions, of the human subject and other animals, 

principally urinary ones; and also many from other parts, par- 
_ ticularly those from the joints. For these opportun 


beholden to even — + > — whoee villingnes 


. — to Me: — in whose museum 


I found between 700 and 800 specimens. The liberal possessor 
of this treasure offered me, what I could not have taken the 
liberty of requesting, — 125 —— off pieces 

from any of the articles, for experiment. Mr. EDwWARD Howard 

did me the honour to take upon himself the task ot writing 
hay r ee owes eee reggae 5 
499 34 
—— — 
than en did not contin the animal oxide above dexcided, i.e. 
„ contained it. | 
=: That ths propertion of this eilds was very i nt; va- 
rying fro , (dee of wem! 10 7885 but, en the moot 
3 — 7 7-0 TE 
3. That the 1 animal — of urine i is aber 
found in concretions, in very different proportions; but is per- 
| haps never a . constituent part « of them. 
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In some urinary concretions, 'the interior part contained this oxide, and the exterior 
part had none of it. On the contrary, in other * concretions, the exterior part 
contained it, and the interior part did not. 
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coneetion, or an aber oonreons, of any animal but th 
human kind. * 3 37989 Ki 36-1 7 ty 

Bs . — 
calculi, but 8 
n * . 
we 8 \ Ithink proper to-aubjoin « few experiments, made 
after the preceding paper was written, which afford evidence 
of the truth of some of my conclusions, and enable us to ex- 
nne 4 þ 3 


as 1. On an Urinary Concrtion from « Dog. 
| This colonies may bo.ankd to be @ greet cxriadey , for it is 
robably . London. I » the opt 


it in the — issections; 
unquestionable authority, that the 
the urinary bladder of a dog. 
Pais eee Sud | 

This concretion is of an oval figure; Wee 2 
three quarters in length, and three inches in breadth; is white 
as chalk; its surface is rough and uneven. Being sawed 
through longitudinally, no nucleus was found, nor was it lami- 
nated, but near the centre it was radiated, and contained shi- 
ning Spicula. In other parts it was, for the most part, compact 
— — It weighed nearly ten ounces and 
a half. Its specific gravity was found to be greater than that of 
human urinary concretions, in general; which I have learned 
by experiments is also the case with urinary and intestinal 


The N — of wa — ates was my 
— — imac. 
of the sort called mulberry — 


entirely of uric oxide, was 1,609. 
moat — 


ene but quite mooth, extracted by Mr: Fens, 


was 1,71. 


ll exposed to firme. 

2. Under the blowpipe it first an Muck, and adn 
the smell of common animal matter; ; it next smelt strongly of 
empyreumatic liquor cornu cervi; and, after burning some time, 
became inodorous, and white, and readily 2 like 2 


phosphate of lime. 
8 On triuaton with he of cauatic 50d, thre was a copious 


discharge of ammoniac. 


clear and colourless; and, on evaporation to dryness, left a re- 
sidue of white bitter matter, which, under the e emitted, 
weakly, the smell of animal matter. 


5. Upon distilling a mixture of 130 grains of this concretion 


| pulverized and two pints and a half of pure water, to three 
ounces, the distilled liquid was found to contain nothing but a 
little ammoniac. The three ounces of residuary liquid, being fil- 
trated and evaporated, yielded 20 grains of phosphate of ammo- 
niac, with a little animal matter; and the residuary undissolved 
matter amounted to 67 grains. 
6. These 67 grains, being triturated with four ounces of caustic 


1. The prexent calculus of the dog had no taxe nor e 


4. It dissolved, at. nitric acid: the ne 
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| eas 
and animal matter. To the other half of the alkaline liquids 
was gradually added muriatic acid, which occasioned a deposit. 


brownish 2 1 of lime and animal 


ceretion of a dog contained none oll the urde or Ir onde 
above described, but that it consisted, principally at least, of 
phosphate of lime, phosphate of ammoniac, and animal matter. 


— Urinary Coneretions, _ 


oda lye, discharged very little ammoniac. On distilling this 
mixture to one ounce, a very small proportion only of ammo- 


| niac-was/found-in the distilled liquid. The residuary ounce of 


x to. dryneas, afforded a dark — 3 


u dissolved in nitric acid 
but which, on evaporation to dryness, left behind only a 


* . ee (6.) 

| lowpipe, — 2 eee 

but oe had. . 
By diluted sulphuric ne n on the * 


dition of 10 of . to the filtrated liquid, it yielded 
phosphate of m ; and, with oxalic acid, it afforded oxalate 
of lime; bt no elphate of magnei a ound remaining af 
these precipitations were produced. 


These experiments fully — that the above con- 


Ihe present instance leads me to explain the reason of the 
fusibility of calculi. This is demonstrated, by the above expe! 
riments, to depend upon the discharge and decomposition of 


the ammoniac of the phosphate of ammoniac, during the burn- 


ing away of the animal matter; hence the residuary p One 
 MDCCXCVIIL. G 


32 8 7 
acid readily fuses, and, uniting 30 the phosphate of lime, com- 
R929 699%") PIg — Ty 
or caustionlkalinelye the remaining mater is infuidle, bing 

8 a lime. 3770 ttt b 17 irt 304 401 iti 

— brittle, and blackish intestinal calculus of a 
rr. 
than human — add to: have the same 

r —— 
round, e eee en of 
which was 1791 doi 10 Aut 100-1905! 
The same nee was ne on examining a very 
hard, gray, brittle, l I, quadrilateral concretion, said to 
be from the urinary bladder, — ga pe 
— of a home. x 9d tor: biuao 2: 
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II. On a Calculus From the urinary Bladder of a Rabbit. 
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This is ene an instance I nn 
I am likewise indebted to Mr. Tromas for this specimen, 
which he very kindly sent me, fitted up as a preparation, in- 
cluded in the bladder itself. Mr. Tomas found this concretion, 
on dissecting a perfectly healthy and very fat rabbit. 

This specimen is spherical, and of the size of a small nut- 
meg. It is of a dark brown colour, has a smooth surface, is 
hard, brittle, and heavy. When broken, it appeared to consist 
of concentric laminæ. Its specific gravity was 2. 

1. Under the blowpipe it grew black, and emitted the smell 
of animal matter while burning; at last it ceased to emit any 
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smell; and; urged with the neee euere of 
r ihc % 3786 | 32 DI&UQ! C1 

| nan diced, wth See like marble, in 
both muriatic and nitric acids, giving clear solutions 
g. The nitric solution (2.) being evaporated partly to „ ; 
ness, and partly to the consistence of extract; the dry residuary 
matter was white; and the extract-like matter, which was bitter, 
could not be fused under the blowpipe; but, when brought to 
the state of — — pine 


is warrantable to conclude, that 
| the above urinary e of a rabbit consisted principally of 

carbonate of lime and common animal matter, with, perhaps, 
a very small proportion of „** it nnn 

tained no uric oxide. 

_ T examined, he teens 
said to be from the stomach of a monkey; but I have not evi- 
dence of its origin equally satisfactory as that of the two last 
calculi. Its composition was found to be similar to that of the 
calculus of the rabbit, viz. carbonate of lime and animal matter. 
Its obvious properties were teat It was of Ow: Size 
of the TY Fs 


II. On urinary Concretions if the hows. 


I examined Several Specimens in cabinets, said to be carat 
calculi of the horse, and found none of them to contain the 
uric oxide above described; but that they consisted (as well 

G2 


* 


44 — 


as the calculi from the stomach and intestines of the game ani- 
mal) of phosphate of lime, phosphate of ammoniac, and com- 


—— — 
rr for I 
have found DN: EAPErience, ny m—_ a yo. 
| netimes, on the asser- 


the smell, weakly, of common animal matter. It was reduced 


very little in quantity, and showed no appearances of fusibility, 


eee coy for a considerable time to the most intense 
8. Muriatic acid Hecht tines 0 


left a black and bitter residue. 
4. A little of the residue DD to 


the filtrated liquor superoxalate of potash was added; which 
occasioned a very turbid appearance, and copious white preci- 


pitation a 


5. Nitric acid also nadity dissolved this concretion, with ef- 


fervescence. The solution being evaporated, partly to dryness, 
and partly to the consistence of an extract, the dry residuary 


these, 22 — seemed to concur in eata- 


aa ae in Apnea 


1. This co tion, which Dr. Baan cence e 
give = = ef... duds. was very brittle and hard, 
and had no smell or taste. It 23 


2. een it n black, . 


| tio , with a 
yielding a clear solution; which, on evaporation to CO 
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owed no ages of babe under the mat fre of the 
blowpipe. it 
6. A Hude of the nere dens ce with he f 
caustic soda, emitted no smell of ammoniac. « 
From these experiments it appears, that this calculus, like 
the former one from a rabbit, consists of carbonate of lime and 
n ee 8 hows, indy: many civics, 
vr 
common animal matter. 
| Another specimen, however, of renl calculus of a here. in 
collection, marked No. g. was found to consist of phos- 
phate Tan phosphate of ammoniac, and common 1 
matter. It was fused under the blowpip e. 
Ihe specimen marked No. 8. in 4 which 
was said to be a vesical calculus of a horse, 828 
of the three ingredients just mentioned. [ayes 
I have met with two r 


quantity of matter in the urinary bladder of horses, which had 
not crystallized, or even concreted: it amounted, in one speci- 


men, which was given to me by Dr. MARSHALL, to Several 


pounds weight; and in the other, which is in the possession of 


Mr. Hows, to about 45 pounds. Its composition was, princi- 
pally, carbonate of lime and common animal matter.“ 
<< have not t found any instance of human _— calculi of a 


* Since this paper was read, Mr, W has been so attentive as to tend me 

another specimen of the same kind of deposit as those here mentioned. It now ap- 
pears probable, that such deposits frequently take place, although 1 believe they have 

not been noticed before. 
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as the calculi from the stomach and intestines of the — 


mal) of phosphate of lime, phosphate of ammoniac, and com- 
mon animal matter, which melted like superphosphate of lime, 


after burning away the animal matter and ammoniac. As 
these, and some other experiments, seemed to concur in egta- 


——— hevrany tp momine 
r concretion of a horse, which, from its figure and 
ie was unquetionaby from the kiney of that animal; for I 
. nor indeed, son 
tions of persons who collect specimens. 


give me, was of a blackish colour, was very brittle and hard, 


2. ba as br it W * black, and emitted 
the smell, weakly, of common animal matter. It was reduced 
very little in quantity, and showed no appearances of fusibility, 
after being exposed . time to the most intense 


fire of the blowpipe. 


left a black and bitter residue. 


4. A little of the residue (3.) being boiled in — to 
the filtrated liquor superoxalate of potash was added; which 
occasioned a very turbid ee and n white preci- 


pitation. 


5. Nitric acid also ** dissolved this concretion, with ef⸗ 
ſervescence. The solution being evaporated, partly to dryness, 


and partly to the consistence of an extract, the dry residuary 


5 that one cannot depend entirely on 
d 


1. This concretion, which Dr. — — 


and had no emell or taste. It 2 


g. Muriatic acid dissolved this concretion, with . 
n a clear solution; which, on * to — 
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another specimen of the same kind of deposit as those here mentioned. It now ap- 
pears probable, that such deposits frequently take Fu — believe they have 


| on the ede of, Urinary Concretions. = 


desen no ages of halter under the ident fir of th 


blowpipe. | 

6. A lil of the concrtin, being triturned with lye of 
caustic soda, emitted no smell of ammoniac. Go 
From these experiments it appears, that this caleudus, like 
the former one from a rabbit, consists of carbonate of lime and 
common animal matter. 2 og EM 

i welder ef ben in n ty ac 
appeared, on examination, to conviz of carbonate of lime and | 


common animal matter. 


Another specimen, ee en in 


the same collection, marked No. g. was found to consist of phos- 
phate of lime, phosphate of ammoniac, and common animal 
matter. It was fused under the blowpipe. 


The specimen marked No. 8. in the same collection, which 
was said to be a vesical calculus of a bare, appeared to cant 


of the three ingredients just mentioned. 


I have met with two instances of a deposit of a prodigious 
quantity of matter in the urinary bladder of horses, which had 
not crystallized, or even concreted: it amounted, in one speci- 


men, which was given to me by Dr. MARSHALL, to several : 


pounds weight; and in the other, which is in the possession of 


Mr. Hour, to about 45 pounds. Its composition was, princi- 
= pally, carbonate of lime and common animal matter. * 


I have not found any instance of human winery calculi of a 


* Since this paper was read, Mr. BI Iz Aub has been so attentive as to send me 


not been noticed before. 
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depend on the difference of the urinary organs of different ani- 
mals, r. — and. 
healthy states of the urinary organs. 


—x we Wy dns eee 


—— v a a 


similar composition to that of the rabbit, and those of horses 
above described, which consist of carbonate of lime and animal 


matter; and I believe that human urinary calculi very rarely 
above mentioned, which were found to consist of phosphate of 
— dna con- 


o 
* WW 
- 
. 


n e d 
P 


I have not initio nite tacks when 


any phytivorous animal; but, whether it would be formed in 
the human animal when nourished merely by vegetable matter, 


must be determined by future observations. In the mean time, 


it is warrantable to conclude, from analogy, that it would not, 
and the application of this fact to practice is obvious; but I 


now purposely avoid making any practical inferences, until 1 


can, at the same time, state a number of facts I have collected, 


relative both to concretions and to the urine itself. 


"= 1 found the stomach-concretion called Oriental Bezoar to consist merely of ve. 
N 9 
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ut. o. the Dixcovery of four additional Satellites of the 


 lites announced: and the Cause of their Disappearance at 


Hane been lately wok . in improving al tables 
for calculating the places of the Georgian satellites, I found it 
necessary to recompute all my observations of them. In'look- 
ing over the whole series, from the year of the first discovery 
ol the satellites in 1787 to the present time, I found these ob- 
servations so extensive, especially with regard to a miscella- 


rectangles to each other: to the light and size of the satellites: 
and to their disappearance at certain distances from the planet. 


and easy theorems I had laid down for calculating all the par- 
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Georgium Sidus. The retrograde Motion of its old Sate]- 


certain Distances from the Planet explained. 


By William 
nn en F. K & F 


eee 14, 1797: 


neous branch of them, that I resolved to —_—_— 
the subject of a strict examination. 


The observations I allude to relate to the didojary of four 
additional satellites: to surmises of a large and a small ring, at 


In this undertaking, I was much assisted by a set of short 


ticulars respecting the motions of satellites; such as, finding 
the longitude of the satellite from the angle of position, or the 


position from the longitude: the inclination of the orbit from 


the angle of position and longitude: the apogee: the greatest 
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elongation; and other particulars. Having moreover calcu- 
lated tables for reduction: for the position of the point of great- 
est elongation; and for the distance of the apogee, or opening 
of the ellipsis; and also contrived an expeditious application of 
the globe for checking 8 of this sort, I found many 
former intricacies vanish. _. 
By the help of these tables and "theorems, I * examine 
the miscellaneous observations relating to additional satellites, 
on a supposition that their orbits were in the same plane with 
the two already known, and that the direction of their motion 
was also the same with that of the latter. 


And here take an opportunity to announce, that the motion 
of the Georgian aatellites is retrograde. 7 75 i. 
This seems to be a remarkable instance of the great variety 
chat takes place among the movements of the heavenly bodies. 
Hitherto, all the planets and satellites of the solar system have 
been found to direct their course according to the order of the 
signs: even the diurnal or rotatory motions, not only of the 
primary planets, but also of the sun, and six of their seconda- 
Tries or satellites, now are known to follow the same direction; 
but here we have two considerable celestial bodies complet n 8 . 
their revolutions in a retrograde order. 2 - 
I return to the examination of the miscellaneous observations, 
the result of which has been of considerable importance, and 
will be contained in this paper. The existence of four addi- 
tional satellites of our new planet will be proved. The obser- 
vations which tend to ascertain the existence of rings not ap- 
pearing to be satisfactorily supported, it will be proper that 
surmises of them should either be given up, as ill founded, or 


at least reserved till superior instruments can be provided, to 
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throw more light upon the subject. A remarkable phenome- 
non, of the vanishing of the satellites, will be shewn to take 
place, and its cause animadverted upon. 

I shall now, in the first place, relate the observations on 
which these conclusions must rest for support, and afterwards 

join some short arguments, to shew that my results are fairly 

_ deduced from them. 
For the sake of perspicuity, I shall arrange the observations 
under three different heads; and begin with chose which relate 
to the discovery of additional satellites. 

A great number of observations on supposed ti, that 
were afterwards found to be stars, or of which it could not be 
ascertained whether they were stars or satellites, for want of 

clear weather, will only be related. For, to enter into the par- 
titccular manner of recording these supposed satellites, or to give 

the figures which were delineated to point them out, would take 

up too much time, and be of no considerable service to our present 

argument. It ought however to be mentioned, that nearly the 

ame precaution was taken with all the related observations as, 

it will be found, was used in char that are given in the words 1 

the journals that contain them. The former will be distinguished 
under the head Reports, the latter under that of Observations. 


Investigation of additional Satellites. 
Reports. 


Feb. 6, 1782. A very faint star was ne out as probably 
a satellite, but Feb. 7 and 8 was found remaining in its former 
situation. 
March 4, 1783. A satellite was $uSpectod, but March 8 was 
found to be a star. 
MDCCXCV1Ll. — 
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April 5, 178g. A suspected satellite was delineated, but the 
G be tes einer phice 

Nov. 19, 178g. A supposed satellite was marked down, but 
no opportunity could be had to account for it afterwards. 
Nov. 16, 1784. Supposed ist and * satellites were pointed 
out, but not accounted for after w- 

Many other fruitless endeavours for the Ahe of catellites 
were made; but, finding my instrument, in the NewTontan 
form, not adequate to the undertaking, the pursuit was partly 
relinquished. The additional light however which I gained, by 

introducing the Front-view in my telescope, soon after gave me 
an opportunity of resuming it with more success. 

Jan. 11, 1787. Three supposed Satellites were observed: a 
first, a second, and a third. Jan. 12, the ist and ad were gone 
J from the places in which I had marked them, but the 3d was 
remaining, and n 8 
Juan. 14. A supposed gd satellite was delineated, | but « on the 5 
1 l was found to be a star. 

Jan. 17. Supposed gd, 4th, and 5th ratellites were marked, 
: but were found remaining in their former places on the 18th. 
Jan. 24. Supposed gd and 4th satellites were noted, but the 
weather proving bad on the Succeeding nights, till February 4s 
they were lost in uncertainty. _ 

Feb. 4. A gd satellite was marked, but not being afterwards 

accounted for remains lost. 

Feb. 7. A supposed gd satellite was proved to be a star the gth. 
Feb. 10. Supposed gd and 4th Satellites have not been after 
wards accounted for. 


* It has FRUPT been chewn, in a former paper, that the removed aatellites were 
those two which now are sufficiently known. 
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Satellites of the Georgium Sidus, &c. 


Feb. 1g. Supposed gd, ach, and gth etellites proved urs the 
16th. 

Feb. 16. A gd satellite proved a star the 17th. 
Feb. 19. Supposed gd and 4th satellites were proved to be 
stars the same evening, by being left in their ä while the 
planet was moving on. 

Feb. 22. The supposed gd nd K. of the 19th were seen 
remaining in their former places; and new gd, 4th, and 5th 
satellites were marked; but these were lost ghrough bad wea- 
ther, which lasted till March 4. 
March 3. A ee wi. wth. 0 
March 7. The position of a gd was taken, and a 4th also 
marked; but March 8 they were both proved to be fixed stars. 

October 20. A very mall star was seen near the planet, but 
lost, for want of opportunity to account for it. 
March 13, 1789. The positions of gd and 4th caeltes were : 
taken, but the 14th they were found to be stars. 
March 16. Supposed gd and 4th satellites were well lad 

down, but March 20 were found to be stars. 
- March 26. The places of supposed gd and 4th atellites were 

ascertained, but no opportunity could be had of deciding whe- 
ther they were stars or satellites. 
Dec. 15. A supposed gd satellite was accurately delineated, 


but proved to be a star the 16th. 


Observations. 8 
Jan. 18, 1790. 6 gu. . A supposed 3d satellite is about 


* All the times have been corrected 50 as tobe true, sidereal; tums 
here to the nearest minute. 
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« 9 diameters of the planet following ; excessively faint, and 
* only seen by glimpses.” 
« 7» 57. I cannot perceive the gd.” 


Reports. 
Jan. 18, 1790. A supposed 4th catelite was dexribed, but 
was found to be a star the 19th 


Jan. 20. A gd satellite was perceived, and its angle of posi- 
tion ascertained; but was afterwards Want, W 
ws to examine its yon * 


— 


Feb. 9, 1790 6d 28˙ There is a euppozed gd atllite, in 


line with the planet and the ad satellite. 


65 40“. Configuration of the Georgian — and satel- 
« lites.” | See Tab. II. fig. 1. 


Clouds prevent further observations.“ 


Feb. 11. The supposed gd satellite of the . of Rane 
« ] believe is wanting; at least I cannot see it, rb the wea- 


« ther is very clear, but windy.” 


Feb. 12. The supposed gd satellite of the you is not in 
0 the Ly where I saw it that night.” 


* 


Reporte. 


Feb. 11, pod. Supposed gd and 4th satellites were laid down, 


but on the 12th they were both found remaining in their for- 
mer places. 


Feb. 16. A gd satellite was delineated, but on the 17th. it 


- proved to be a tar. 
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March 3. Supposed gd and 4th satellites were laid down, 
but on the 8th were seen remaining in their places. 

Feb. 4, 1791. 1 but has not been 
accounted for afterwards. 
_ - Feb. 3. Supposed gd, Shred th ee diltmented, 
but no opportunity could afterwards be mn 


existence. 


March 5. Supposed 3d, 4th, edict dans 
hs —— a e 
Feb. 12, . A third n von eee ne left 
155 behind by the — aan af aback ammanign 
former place the next night.» | 
Feb. 19. A 3d « Satellite was put down, but proved to de a 
star the 14th. 5 
Feb. 20. The cmd a 1 a . 
| after was found to be left behind by the * It was also 

seen in its former place Feb. 21. | 

Feb. 26. A gd satellite, between the planet and ad was o. 


but was 80 faint as hardly to men A — was "ag 
put down. Neither of them have been accounted for after- 
wards. 

March 8, 1793. The position of a nv yd satellite v was 
taken, but the next day it was found to be a star. 

March g. A supposed gd satellite was observed, at 5 or 6 
times the distance of the ist, but was not accounted for after- 
March 14. Supposed gd and 4th satellites were observed, but 
no opportunity could be had afterwards to see them again. 


OE 1 > 
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= 3 — of four additional 


Obzervations. 

„ Feb. 25, 1794. With 920, there is a small star a, . 2. 
about 15 degrees north preceding the planet; and another b, 
about go degrees north preceding: also one c, directly pre- 
« ceding. There is a very small fourth star d, making a trape- 


« zium with the other three; — „ 


« 4th star, are in a line with it. 

„ Feb. 26. — figare's, mirked fo — 
There is a star g, at rectangles to fe da: the perpendicular 
« falls upon d: it is towards the south. There is also a star b, 
north of fe d a; but it is too faint to admit of a determination 
« of its place: I can hoe i see it 2 — by imperfect 
« plimpses.” ld 


« Feb. 28. 6 40“ a ee of he fin dards 
« places. c is in the place where I have marked it. The star 


* g is in the place where I marked it. WERINDENE INF 
small star bh.” 


. — +; ann 


4 very near to, and north following f, which I did not see on 


the 26th. It is not quite half way between f and e, but 
« nearer to F than to e. le-nichew ii abs langle with f 


«and e. 


«ob 4g. The motion of the planet this evening, since the 


first observation, is very visible. 


105 77. I cannot perceive the star E. The DAVE is not 


« 80 clear as it was.” 


« 10> g1'. I cannot perceive the Star & in the place Win it 
« was 65 zo.” 


6 March 4, 1794. Power ons 6> 46. . 
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« of Feb. 28, fig. g. are in their places, but I cannot see the 
« gmall star k. The evening is not very clear.” 
„ ob 51. I cannot see the star kx. 
«1625. eppes 6; in figure 4 to be the unn towards 
« which the planet is moving.” 
<« cab are in a crooked line. 
« c ef are nearly in a line; Fs le preing 
« d e form a triangle. 
There is a small star þ, preceding d. 
= | « There is an exceeding nal aur l in the line b g, but a 
1 + 
(abc are large stars. 
« de g are also pretty large. 
f and b are small. Power 1579. 
| With ga, thre i de very mall ar near 4, forming 
an isosceles triangle þ dl, on the preceding 
March 5. 7 39. Power g20. The atars abcdefgbh1 
« are in the places where they were marked last night.” 
* gh gy. There is a very small star u, south of g:; m 
preceding g; and a third o, south following g. 15 
« 10> 197. I suspect a very small star, south following the 
« planet, at one-third of the distance of the ist satellite; but 
8 0 cannot verily it with 480. With Goo, the same 5 
continues.“ 
« March 7. 9 48. The nars @ bed of gb a in ber 
« places.” 4 
« x mo are in their places.” | 
| * The planet has paed besen the ur- i rear ne 
« tof.” 8 
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e much better than with g20. 
« tellite, directly north of the planet, a little farther off than the 
* and this power almost verifies the Py See 
figure 5. (Tab. III.) t 1% | 


_ « and the ist; so that probably it is a fixed star; since it pre- 
% ceded the ist, when I saw it before, I think more than the 
:« quicker motion of the ist satellite would account for. 


Dr. HERSchEL's Discovery of four additional 


-- 


7 - 2 
* } [: F 
= 


March 21, 1794. Power g20.' A small star was suspected 
south of the planet, or about 853 south following. It could not 


be verified with 480, nor with 600; and was even supposed to 


have been a deception ; but the aad was found — in 
the place — had left it. ff Y N 


Obrervations. wa 25 "Xx 
. — oye Wim 48e, — 15: aatellite 
I suspected, with gao, a gd sa- 


* 95 44“. With 600, e the eme, ba cannot e- 


8 ay myself of the reality.” 


« 11* 32“. 1 see the supposed od natellite — . now. 
« It is much smaller than the 1st, and in a line with the planet 


J If it 
i be a fixed star, it makes almost a rectangular triangle with qr, 


« the shorter leg being gd7; or it is almost in a : line with q 
en” 


IN, B. The lines in the description are truer than i in the 
* as the latter is only intended to b ne 's out the stars 
*« in question. 


« March 27. 86 g7/. n The —— star, BEL 


* gerved last night at 11 g2', is gone from the place where I 


„saw it. From its light last night, compared to r, which 


Satellites of the Georgium Sidus, c. 57 


* to-night is very near the planet, and scarcely visible, I am 
<« certain that it must be bright enough to be perceived imme- 
EEE EE CEO IEP 
« tion. | 
« 10090). The planet is convideraly removed from the 
« star r. 955 
Naben . eftiucngct apt 
« $atellites: one of them in a place agreeing with the gd satel- 
tc lite of last night, (supposing it to have moved with the planet;) 
« that is, a little farther off, and after the ist. Another pre- 
 * ceding the ist, but nearer. Some others south, at a good dis- 
« tance; oe ay eee 
They were only lucid ET) Tart) © 


1 27, 179. 4 a 4th satellite was ; delineated, 
but b 


Observations. 


- ij « March * 1796. Conhguration of the Georgian planet; and 
| « fixed stars for 105 9 Fo} 4X en: 
March 5. g* 50“. I suspected pun es W 
and b, which was not there last night. I had a pretty cer- 
* tain glimpse of it. It is in a line from the planet towards f: 
< power g20. With 600, I see the Satellite better than before; 
4 but cannot perceive the suspected small star.“ 
4 106 17. The air is remarkably clear at present, but! can- 
* not perceive the suspected star. | 

March g. 11* 2g. As the probability of other Satellites | is, 
4 that they revolve in the same plane with the ist and ad, I 

MDCCXCVI1II. 1 
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* ckbedy lock for them a tes of their on which 
«is no neariy a straight line.” | 


_-- April's; 1796: —— wwe dnmnant 


that can be taken for a satellite: the evening is very beauti- 


nul, and I examined{ that line with goo, at a distance: and 
— within the orbits of the two satellites. 


March 2g, 1797. Three very small stars O P Q, A 


« path of the planet; they form an obtuse triangle. 


March 28. 11> 4 Aden bright star 8. at inst he de- 


— field of view; is a little south of the path of the 
planet. It has a small north precedir — e 
to two more VW, towards the north. 


« Between the triangle of March — we four last men- 
* tioned stars, is a very small star Xx. bs 
” March 28. 10 b. 1 see the stars STVWX of March 
« 23th.” 

411 26“ From eren March wy 
« is an exceeding small star V, about four times the distance 
« of the 2d satellite, and nearly in the line of the greatest elonga- 


« tion.” I do not remember to have seen it the 25t * 
„11 41”. The distance of V from X is about 4 of the dis- 
« tance of X from the triangle. It requires much attention to 


« See it; but I have a very complete view of it, by drawing 
—— the field, and the © otar X on 
N side.” 


1e * 1 Reports a cee 
ow the reports of the great number of supposed $atellites, 


compared with the select observations which are given at length, 
it must be evident that the method of locking for difficult 
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bee completely anderatood — ten — 
against deceptions, we cannot but allow, that even a single 
glimpse of a very small star is a considerable argument in fa- 
vour of its existence. What I call verifying a suspicion, which 
is generally done with a higher power than that which caused 


the suspicion, is obtaining a steadier view of the existence 


of the object in question; that is, to see it in such a man- 
ner as to be able to fix an eye upon it, and to compare it with 
other surrounding objects; and thus to be able to ascertain ita 


relative daten with those other objects, in a satiaactory 


manner. 


An interior Satellite. 
„ of Jan. 18, 1790, says, a el ol ry 


” « lite is about two diameters of the planet following.” There is 
mY the least doubt expressed about the existence of the satellite, 
or object in question, which therefore must be looked upon as as- 


certained. Now, the angle oſ the greatest elongation of the Geor- 
gian satellites, by my new tables, at the time of observation, was 


| 81*gg'N.F. Therefore, the angle of the apogee was 827 8. F.; 
and since, by observation, the satellite was © following,” without 
any mention of degrees being made, we may admit it to have 


been not far from the parallel; suppose 11 or 12 degrees 8. F. In 


5 this case, the satellite would be in the apogee about the time of 


the ad observation, at 7* 57'; which says, © I cannot perceive 


treat of the vanishing of the satellites, that it would become 


invisible in this situation. Indeed, without the supposition of 


12 


— 
— of excaing themainam by nes and angles, wid 


the satellite. But it will be shewn hereafter, when I come to 


n 


the least change in the clearness of the air, during a time of 


« of the planet,” 
of its greatest elongation. For, 2 diameters from the disk of 
te planet give 24 the centre. Now, the distance of the 
apogee at this time, by my tables, was ,64, supposing that of 
_ the greatest elongation 1; therefore we have the radius of its 

orbit SE, 16”,1. 


of the suspicion not being verified with 480, I must remark, 
chat being used to such imperfect glimpses, it has generally 


the satellite's coming to the apogee, it might easily happen that 


10 5˙ which elapsed between the first and second observation, 
might render an object invisible, which, as the first observa- 


n n 


* glimpses.” 
R Fe Map. 
we may conclude what would be the distance 


This calculation is not intended to determine precisely the 


| distance of the satellite, but only to shew that its orbit is more 


contracted than that of the 18, mop wwe: ee 
Interior satellite. 


I any doubt should be entertained about the validity of this 
ene we have a second, and very striking one, of March 


5, 1794; where an interior satellite was suspected south fol- 


lowing the planet, at one-third of the distance of the 18t. 


March 4, when a description was made of the stars, as in 
figure 4, this . 
served the 3th. And, by an examination of the same stars 


March 7, it appears, that even the smallest stars n mo, of the 
5th, were seen in their former places, but not the satellite. 
The observation therefore must be looked upon as decisrve with . 


regard to its existence. If any doubt should arise, on account 
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turned out, even when I have given up as — <Bnts 
istence of a supposed satellite seen in that manner, that it has 
afterwards nevertheless been discovered that a small star re- 
mained in the place where the satellite had been suspected to 
be situated. An instance of this may be seen in the report of 
the observations that were made March 21 and 22, 1794. Be- 
sides, in the present case, it is additionally mentioned, that the 
. — an neee den rer 
ng the suspicion. —_ 

From the assigned place of this aatellite, at Lof the Ame 
of that of the first, it appears that this observation belongs to 
the interior satellite of Jan. 18, 1790, which has already been 
examined. The ist satellite was this evening at its greatest 
elongation, one-third of which is about 11”. The apogee dis- 
| tance of a satellite whose greatest distance is 16% 1 would have 

been 6% 1 on the day of our observation; but, not being come to 
the apogee, by many degrees, it could not be 80 near the planet. 
For the sake of greater precision, let us admit that the satel- 
lite was exactly south following; that is, 45 degrees from the 
parallel, and 45 from the meridian; then, by calculation, a 
satellite whose orbit is at 16% 1 from the planet, would, in the 
situation now admitted, have been 7, 1 from its centre, which 
might coarsely be rated at £ of the distance of the first. But 
the estimation of 11“ is bet more accurate than that in 
the ist observation, where 2 diameters are given. And, by 
calculating from this quantity, we find that the greatest elonga- 
tion distance of the satellite is 25% 5; now, putting 24 diame- 
ters in the first observation, instead of 2, the distance deduced 
from it will come out 193; which is certainly an agreement 


aame ele ttt YRAlt e 19 SHS} rp | PO Ps 50 
March 2, 1794. We find a third « e 99 wil 
avidin upprniig ade 090; ee omen. . A glimpse of a sa- 
tellite is mentioned, which was preceding the ist, but nearer 
the planet. The position of the ist satellite the same evening 
was, by measuring, found to be 62,1 N. F. which is still a 
considerable way its greatest elongation; but our new 
satellite preceded it, and was therefore more advanced in its 
orbit, or nearer its greatest distance; and yet the observation 
says, that it was not so far from the planet as the ist; not- 
withstanding this latter was in 4 more contracted part of its 
orbit. It follows therefore that this was also an interior satel- 
lite. Now; since wer may allow these three observations to be- 
long to the same, we ought not to make a distinction; but 
admit, as sufficiently established, eee eee e 


nm . 
en 


4 intermediate Satellite. 


| March 26, 1794- A satellite Was suspected, maths. > 
of the planet. At first it could not be verified, but was seen 

perfectly well afterwards. It was supposed that probably it 
mighit be a star, but this was left undecided. The observation 
of March ayth however removes all doubt upon the subject; as 
it fully affirms that the small star observed the 26th, at 1 Non, 85 
was gone from the place in which it was the day before. Such 
strong circumstances are mentioned in confirmation, that we 
cannot hesitate placing this among the list of existing satellites. 
It was ug the — satellite of Jan. 18, 1790 for both the 


— 
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18t and ad known xatellites were in full view March «6th; 'see 
figure 5. and the observation places this new one in a line 
drawn from the planet continued -through the 18t; with' the 
remark, that it was a little farther from the planet than the 18t. 
may see from the figure, as well as from the above description, 
that the orbit of this new satellite is situated between 20 
of the other two. ing 

. of the aune metits March #7, 

1794; where, among the glimpses of additional satellites at 

11 41% is mentioned one in a place probably agreeing with 
A the new satellite of March 26th,” which, by its motion, must 
Y = have been carried forward, 80 as to be where the observation of 
EE 257 the 2th says it was, namely, « a little farther off and after the 
I = *< 15t;” chat is, at a little greater distance from the planet than 
the ist, and not so far advanced in its orbit as that satellite. 
This amounts not only to an additional proof, but even an- 


n of the baten, and its motion ins 
une n | 


An exterier - Satellite 


Feb. 9, 1790. A new satellite was seen, in a line with 
the planet and the ad satellite. See figure 1. To convince 
us that this was not à fixed star, we have the observations 
of two other nights, the 11th and 12th of February, where the 
removal of it, from the place in which it was Feb. g. is clearly 
demonstrated. As it was in a line continued from the planet 


through the second satellite, its orbit must evidently be of a 


greater dimension than that of the 2d; 1 shall therefore Put it 
down as an exterior satellite. 


„ Dr. Rense Disconery.of four additional = 
„Nest likely this satellite also was seen among the supposed 


mention made of . some: others south, at a good 2 
In. that case, this will make a Second, observation. 


ae e eee e eee 5 


5,1796; when a very small star was seen, in a place where the 
evening before there had been none; as appears by the confi- 
— the gth of March. -See figure 6. At the time of the 
"0 planet was come to the longitude of the place 


of its having been brought to that situation by the planet. It 


may be objected, that the star could not be verified with a power 
of 600; but here we have more than a bare suspicion of the 
satellite, for the observation says, I had a pretty certain 


* glimpse of it;“ and this appears also from the assigned 


tellite. ; 


Then most distant Satel lite. 


"a Feb. 28, 1794, a star was perceived ada on aha 26th 
there was none. This star was larger than a very small star 


which was observed the 26th, not far from the place of the 
new supposed satellite; and a configuration having been made 
expressly, by way of ascertaining what stars might afterwards 


come into a situation where they could be mistaken for satel- 
lites, our new star or satellite would not have been omitted, 


satellites south of the planet. March 27, 1794; where we find 


* the star was perceived to be; which agrees with the idea 


place of the star at the intersection of two given lines. For, 
such a delineation could not have been made, without having 
perceived it with a considerable degree of steady vision. Its 
distance, to judge by the description, will agree sufficiently b 
with the two * observations of this new exterior sa- 
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situation near the apogee, where it was seen, that its distance 
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when a smaller one very near it was scrupulously recorded. 
| The motion of the planet, in 3 hours and g minutes, is men- 


tioned as very visible. The place of the star, which was a new 
visitor this evening, was very particularly delineated, at 6 50. 


From its situation, it is evident the motion of the planet must 
have carried this star, if it was one of its satellites, towards the 


large star 5, figure 3; in the light of which a dim satellite 


would be lost. This accordingly happened; for at 100 7 and 
10 21 it was no longer visible. The direction of the planet's 


motion 'is plainly e med wy the 1 of * pure 
March ad. 0 
With respect to the orbit of this 3 from its 


was to that of the second satellite, which was then near its 
greatest elongation, as 8 to 5. And, since the apogee distance, 
on the day of En, was only, 7, we have its greatest 


elongation as — to 5; that is, as 21,6 to 5, or above 4 to 1. 


From which we may conclude, _ that its orbit must lie consi- 


derably without the before mentioned exterior satellite of Feb. 
9, 1790. 


We have a second observation of i it March 27, 1 794 ; which, 
thou gh not very strong, yet adds confirmation to the former. 


For that evening, which was uncommonly fine, other satellites, 
south, at a good distance, were perceived. This must relate 


principally to our present satellite, which may certainly be said 
to be at a good distance from the planet, and which, by that 
time, was probably in the southern 8 of its orbit, and near 


its greatest elongation. 


There is a third observation, March 28, 1 797. which probably 
also belongs to this satellite. For the n small star Y, 
Mpccxcvin. K = 
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66 Dr. Hzzseusi's:Discovery-of four additional : 
which is mentioned as not having been seen the 25th, when 
the delineation of the stars was eee with 
gation, —— of this de is well pointed out, and 
—ůů eee of the ee. 
vation of it. 8 0 AR N M AS | 
It remains now e to In mated, that in 180 delicate 
A ee as these of the additional satellites, there may 
| possibly arise some doubts with those wh are very scrupulous; 
but, as I have been much in the habit of seeing very small and 
dim objects, I have not been detained from publishing these 
observations sooner, on account of the least uncertainty about 
the existence of these satellites, but merely because I was in 
hopes of being able soon cn aide Juty acconnt of them, with 
regard to their periodical revolutions. It did not appear satis- 
| factory to me to announce a satellite, unless I could, at the aame 
| time, have pointed out more precisely the place where it might 
be found by other astronomers. But, as more time is now already 
| elapsed than I had allowed myself for a completion of the theory 
„ satellites, 1 thought it better not to defer the communi- 
antion any longer. 5 
Ihe arrangement of the four new and the two old ratelites 
together will be thus: bs = pe 
First satellite, the interior one 07 how 1 8, 1 790. * 
Second satellite, the nearest old one of Jan. 11, 1787. 
4 ; Third satellite, the intermediate one of March 26, 1 794% . 
Fourth satellite, the farthest old one of Jan. 11, 1787. 
Fifth satellite, the exterior one of Feb. g, 1790. 
Sixth satellite, the most distant one of Feb. 28, 1 794 8 


eee. ce a. 8 
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Observations and. Reports tending to the Dis 


Polar Regions. 


ans. 29 2 of! JT; 5 : 1 (lep, 


“Nov. W eps: e power ge ee 


« flattening of the polar regions.” 2 171] 
_ « April 8, 1783. I surmise a polar flattening.” 


Feb. 4, 1787. 20-feet reflector, — Well defined; 


« no appearance of any ring; much daylight.” 
'<« March 4. I begin to en 


less blunt, from north to south. See figure 7. | 


and 7. 800 Rand r. 1200 Rand r. 431 
March 8. —— cxopaid.” 

Nov. g. r 144. 
just the focus by one of the satellites, . I think it has 
no foundation.” 

ES. 22, 178g. A ring was suspected 


* The oberratlons are e dixtinguished from, the reports by marks of quotation, 
* * . 
K 2 


more Rings. of. "at Fi, and ee - 


ain again a suspicion that: the 
planet is not round. When I see it most distinctly, it appears 
to have double, opposite points. See figure 7. Perhaps a 
double ring; that is, two rings, at rectangles to each other“. 
March 5. The Georgian Sidus not being round, the telescope 
was turned to Jupiter. 1 viewed that planet with 157, goo, and 
5 480, which shewed it- perfectly well defined. Returning to the 
Georgian planet, it was again seen affected. with projecting 
points. Two opposite ones, that were large and blunt, from 
preceding to following; and two others, ane and 


' March 7. Position of the great ring R, from 708 to 70 ; 
NF. Small ring r, from a0 N. P. to ac NF. e eee R 


. 


"© March 16. 797% pee ramets — round. 
A bertain appearance, owing to a defect which it has con- 
„ trücted by exposure to the air since it was made, is gone 
«with it; (see fig. g and 10;) — ͤ —— 
in the place where I saw it last. 
« 75> 300. Power 471 Shews — same | appearance rather 
* stronger. Power 38 still shews the same. 
Memorandum. The ring is short, hos Wee el been 
It seems to be as in figure 8; and this may account for the 
2 great difficulty of verifying it. It is remarkable that the two 
« easioned by the fault of the speculum is, to-night, as repre- | 
« gented in figure g. The other evening it was as in figure 10; 
1 qa raagbes ragtansoA 
„March 20. 7 33. When the * are * in focus, 
* the auspicion of a ring is the tronges 
Dec. 15. The planet is not round, and 1 have not much. 
« doubs but that it has a ring.” 
Feb. 26, 1792. 6* g4/. My W is e 8 
a « and, when I adjust it upon a very minute double ar, which 
« is not far from the planet, I see a very faint ray, like a ring 
« crossing the planet, over the centre. This appearance is of 
« an equal length on both sides, so that I strongly — it 
« to be a ring. There is, however, a possibility of its being an 
imperfection in the speculum, owing to some slight scratch: 
2 1 shall ke; its position, and afterwards ti turn the . on 
« its axis. 
« 8Þ g9/. Position of the uppoged Iring 35.6 from N. p. tos. F. 
«go 56. I have turned the speculum one quadrant round; 
10 but the appearance of the very faint ray continues where it 


| ww 


it in the eye-glass. But still it is now also pretty evident 
« that it arises from some external cause; for it is now in the 
game situation, with regard to the tube, in which it was 34 
hours ago: whereas, the ä 
_ *« the ring, of course, ought to be 80 too.” | 
March 5, 1792. I viewed the Georgian planet with a newly 
polished speculum, of an excellent figure. It shewed the pla- 
« net very well defined, and without any suspicion of a ring. 
1 viewed it successively with 240, 300, 480, 600, 800, 1200, 
and 2400; all which powers hn 
« tinctness. I am pretty well convinced that the disk is flat- 
s tened.” The moon was pretty near the planet. 
« Dec. 4, 1793. 7-feet reflector, power 287. The Georgian | 
« planet is not so well defined as, from the extraordinary dis- 
« tinctness of my present 7-feet telescope, it ought to be. There 
« is a suspicion of some apparatus about the planet.” Ts = 
Feb. 26, 1794. 20-feet reflector, power 480. The . 
« geems to be a little lengthened out, in the direction of the 
(longer axis of the Satellites orbits. 8 
— *« April 21, 1795. 10- feet reflector, power 400. The la 
adjusted to a neighbouring star, so as to make it perfectly 
* round; The disk of the planet seems to be a little elliptical. 
With 600, also adjusted upon the —— . * disk 
„til Seems elliptical.” 


| Bemerks upon tbe fo regoing Observations. 


Wich er to the phænomena which gave rise to the sus- 
picion of one or more rings, it must be noticed, that few spe- 
cula or object- glasses are 80 n perfect as not to be affected 
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— had a pretty good view of the ring itself. Placing there- 
fore great confidence on the observation of March 5, 1792, 
supported by my late views of the planet, I venture to affirm, 


| Dr. Henscunn's Dixcovery of four additional 


with some rays. or inequalities, when high powers are used, ; 
nnd the object to be viewed is very minute. It seems, how- 

ever, from the observations of March 16, 1789, and Feb. 26, 
1798; that the cause of deception, in this case, must be looked 


for elsewhere. It has often happened, that the situation of the 
eye-glass, being on one side of the tube, which brings the ob- 


server close to the mouth of it, has occasioned a visible defect 
in the view of a very minute object, when proper care has not 
been taken to keep out of the way; especially when the wind 
a 2: Quarter. 96-40 come from the observer across the 
The direction gf a current of air alone may also 


alſdct vision. Without, however, entering further into the dis- 
cussion of a subject that must be attended with uncertainty, I 
will only add, that the observation of the 26th seems to be very 


decisive against the existence of a ring. When the surmises 
arose at first. I thought it proper to suppose, that a ring might 
be in such a situation as to render it almost invisible; and that, 


consequently, observations should not be given up, till a suffi- 
cient time had elapsed to obtain a better view of such a sup- 
posed ring, by a removal of the planet from its node. This 


has now sufficiently been obtained in the course of ten years; 
ow let the node of the ring have been in any situation what- 
er, provided it kept to the same, we must by this time 


that it has no ring in the least nnn that, or rather those, 
of Saturn. 


The flattening of the poles of the — seems to be suffi- 
ciently ascertained by many observations. The 7- feet, the 


1 - 
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n 
the direction pointed out Feb. 26, 1794, seems to be conform- 
— pap 2 
the equator of Saturn, and of Jupiter. 

This being admitted, we may without 2 * 
that the Georgian planet also has a rotation upon in axis of a 
considerable — of velocity. 


Reports and Observations relating to the Light and Size of —_ 
Georgian Satellites, and to their vanisbing at certain Dis- 
tanceg from the Planet. FOR 


G ee en 

satellite; but, on the 17th, the planet being removed, it ap- 
c  a— ——_ _—_ 
« Jan. 17. The eee e dang arance.” 
Jan. 24. The ad satellite is brighter than the first. 
Feb. g, 1787. The ist satellite is larger than the second. 
Feb. 10. The planet was supposed to go to a triangle of 

pretty bright stars. The 1 ith it was between them, and the 

stars of the triangle were so dim, that, had they not been seen | 
before, they might have been supposed to be satellites. 


Sept. 19, 1787. 4 a. I can still see the satellites, though 
daylight is already very strong: they are fainter * the 


( faintest of Saturn's satellites. 


Feb. 22, 1791. I cannot perceive the 18t catllite, probably 
« owing to its nearness to the planet.” 1 
" March 2, 1791. The 15t satellite 1 is hardly to be Seen; 1 


» Five satellites of Saturn were only known at that time. 


„es beser bed ce git of i. le coems to 
999-40: rr tek 
rr 
— — nembeandIS. I mistook 
chem last night for other stars, — SPREE 
not know them again. +4; Nei Fo 
March g. W planet than de 
first, and on that account appears smaller.” Wn 
Des. 9, 1791. 1 do not perceive the 18t satellite. = 
Feb. 13, 1792. 6*16'. The gd supposed satellite of last 
might is a considerable tar; not much less than ö 
Vher /the cappooed third wes pointed out the night before, 
it is said to be smaller than the ist and ad satellites. By the 
figure, it did not exceed the distance of the 2 2d; and is called 
a pretty large star. * 
Feb. 20, 1792. The 2d aatellite, Wenn was 
e for a pretty large star, till about four hours 1 
when its motion along with the planet was perceived. 
Feb. $1, 1798. 7 360. cannot see the ad satellite. By 
— i should be about 83,6 S. F. nne 
be there, but cannot get the least assurance.“ 
March 13, 1792. I cannot see the 15t oatellte with 00; 
nor with 480; nor with 600.” en 


March 19. $ gz. I cannot see the —— 


« well with 1200. With 2400 and 4800 the satellite cannot be 
« Seen; but there seems to be a whitish haziness coming on.” 
March 4, 1794. The 15t satellite could not be seen. 


Cee — — —— —V— 


« With 480 1 see it very well. see it also with 800; and very 


; Ane ee cute a . _ 


3 Both 18t and ad were invisible. 55 
March 21. The ist was — ee lookd for wi 
al the powers of th instrument. - = n 
March 3. 1796. The ad was invisible. | 
April 4, 1796. The ist was invisible. 
« March 17, 1797. Power 600. — of the entaliites x are 
« visible to-night; with goo I cannot see them. The night is 
. rern. but. 
— . Ä 
March 21. The ist satellite was invisible. 
March 2g. The ad was invisible. n seen 


> * 


immediately, but, having been informed where exactly to look | = 

for it, according to my calc In = __ 

and with 600 seen very well. 2 ” „ 
March 25. Both satellites were inviible. = 


| Remarks on | the foregoing Observa tions. 


Front the ebocreaticais-af Am. 14, Feb. Wenn 1 
1 1792, it appears, that all very small stars, when „„ — 


they come near the planet, lose much of their lustre. Indeed. | 
every observation that has been recorded before, of supposed | 
Satellites that have been proved to be stars afterwards, has fully l 
confirmed this circumstance; for they were always found to be | 


considerable stars, and their being mistaken for satellites was 

owing to their loss of light when near the planet. This would EL 
hardly deserve notice, as it is well known that a superior light 
upccxcviII. 


measure the apparent diameter of one of Jupiter's satellites by 


—— —— — tigivink.. 
3 — also to have getiled the epochs of the satellites, 


but, fret of all let us cast a look upon the 


shall call the perigee. By pies also ſor the same day, we 


will obstruct — — circunistances Which 
attend the operatiom of the affections: of light uptm the Eye, 
when objeets are very ſaint, are so remarkable, that they must 
not be passed over in silencetmmee . 21970q 213 lle 
After having been ue w follow up the gatellites of Saturn 
and Jupiter, to the very matgin of itheir planets, $0: ad ee to 


its entrance on the disk I was in hopes chat a similar oppor- 


tunity would soon have/ffeved-with- the _— ä 


not indeed to measure the 


. 


conjunction and oppositions, with more accuracy 
— I have yet deen able to do, from their various positions 
n-othr parts of their orbits.” A disappointment of obtaining 

antag — CIS; N 


The satellites, we may remark, become en inivisible, 
when, after their elongation,” they arrive toc certain distances 
from the planet. In order to find what these — are, we 


will take the first observation of this kind, as an example. 


„Feb 43 1791, the first zatellite could not be seen. Now; by 


; my lay cee m its n from the apoge, at 


— of bse 


degrees; that is, 24, 5 de- 
itra part of its orbit, on the bide that 
—— to us, which, as its opposite is called the apogee, 1 


have the distance of 2 the planet, which is 60; 
denen the elongation distance to be 1. n 5 
np See Fun Trans. for 1797, Part II. page 335. — 


x0 Satelltes-of the Georgium Au, Mr. 75 
being given, we may find an easy method of ascertaining the 
distance of che satellite, when it is near the apogee or perigee : 
for it-will be safficiently. true for our purpose to use the fol- 
lowing analogy. Cosine of the distance of the satellite 
— K . 
langation, is to the distance af. n 

the planet, When, the ellipsis is very open, this theorem. ill 
only hold good in moderate distances from the apogee or 
gee; but, when it is a good De e 

siderably out in more distant situations: an and it will also be 
sufficiently accurate, to take the patural sine in m the tables 
to two places of decimals only. When this is applied to our 
present instance, we have ,91 for the natural cosine "of 24,5 
— rer 


8 __ 
88 
86 it appears that the axtlit, when it could | 


not be seen, was nearly 22” from the planet. | 
We must not however conclude, that this is the given de- 
tance at which it will always vanish. For instance, the same 
satellite, though hardly to be seen, was however not quite in- 
visible March 2, 1791. Its distance from the * — 
as before, was then only EL 19,8. 1 
The clearness of the atmosphere, ads <> 
cumstances, must certainly have great influence in observations 
of very faint objects; therefore, a computation of all the ob- 
servations where the satellites were not seen, as well as a few 
others where they were seen, when pretty near the apogee or 
perigee, will be the surest way of n * fact. The reault 
＋— — LO Tho 36 ee. 


L2 


798. March 15 at 18,4 | 
"My 794. . at 185 1 
T March7 1 
— March 7 at 1. 
- April 4 2 
March 17 at 
March 21 a | 
March 25 


| First ente Wale I ; Second satellite visible. 4 ; 


1791. ee at oy | 2794 March 22 at 17, 
3796) Feb. a6 mt 19a | ial 


Thus, doin Aen. lad adi 
| our inspection, we find that both the satellites became always 
invisible when they were near the planet: that the ist was ge- 

nmnerally lost when it came within 18” of the planet, and the 2d 
- at the distance of about 20”. In very uncommon and beautiful 
nights, the ist has once been seen at 13“, 8, and the ad at 17,3; 

but at no time have they been visible when nearer the planet. 

I shall now endeayour to investigate the cause which can 


render small stars ; and Satellites invisible at 80 — 4 
as 18 or 20”. 
A dense atmosphere of the planet would n 
falcation of light sufficiently, were it not proved that the satellites 
orbits, or in that which is farthest from us. But, as a satellite 
cannot be eclipsed by an atmosphere that is behind it, a sur- 
mise of this kind cannot be entertained. Let us then turn our 
view to light itself, and see whether certain affections between 
bright and very bright objects, contrasted with others that 
take place between faint and very faint ones, will not r 
the phænomena of vanishing satellites. | : 
The light of Jupiter or Saturn, for instance, on account of 
its brilliancy, is diffused, almost equally, over a space of several 
minutes all around these planets. Their satellites also, having 
a great share of brightness, and moving in a sphere that is 
strongly illuminated, cannot be much affected by their various 
distances from the planets. The case then is, that they have 
much light to lose, and comparatively lose but little. 
The Georgian planet, on the contrary, is very faint; and the 
influence of its feeble light cannot extend far, with any degree 
of equality. This enables us to see the faintest objects, even 


when they are only a minute or two removed from it. The 


satellites of this planet are very nearly the dimmest objects that 
can be seen in the heavens; so that they cannot bear any con- 


siderable diminution of their light, by a contrast with a more 


luminous object, without becoming invisible. If then the sphere 
of illumination of our new planet be limited to 18 or 20”, we 
may fully aceount ſor the loss of the satellites when they come 


— 


_ 
— yy —— * ws eng. X 
— 
— 


planet than the latter, we may admit the ist satellite to he 
rather brighter than the ad. This seems to be confirmed by 
the observation of March g 1791: a eee 
rern 


nun 80 and ad old satellites. The two exterior, or 5th and 
Gth satellites, are the smallest of all, and must chiefs ho locked 


78 Dr. 


within its reach; for they bee very inks gh — 
it pretty suddenly. 5 8r 28 
— . the condiinat theGamgien 


ntelites Re A ap 1 — seems weng 


pr" 6 6 29 2 It taoritrent vi ir #4 ml: ni 40 a0 
We may avall ourselues of. the observations that relate to the 


Iative brightwess. The:2d-catellite appears generally by 


than the ist; but, as the former is usually lost farther from the 


Eee 
„while tha other was 90%8. 1 
The firstof the rere 
wise than about its greatest elongations, but cannot be much 


inferior in brightness to the other two; and, if any more in- 
 terior satellites should exist, we shall probably not obtain a sight 
of them; for the same reason that the inhabitants of the Georgian 
n 


Venus, and Mercury. 
The ad new or 2 — Satellte i is n * 


for in n ** . 


c 


| ee 3 of the new | Satellites. Wy 
le may be some satisfaction to know what time the four 
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Satellites of tht Georgium Sidus, &c. 79 
additional satellites probably employ in revolving round their 
planet. Now, as this can only be ascertained with accuracy by 
series of them can be properly inatitutad. But, in the: mean 
time, we may admit the distance of the interior satellite to be 
26-5, as our calculation of the estimation of March 5, 1794s 
gives it; and from this we com m pute that its ] reyolution 
will be 5 days, 21 hours, 25 minutes. wy 
If we place the intermediate satellite at an 3 distance 


— 


— — 3 3092977 iu  { 
By the figure of Feb. g. 1790, ee e 


5 is about double the distance of the farthest old 
time is found n 36 dag ou | 


one; hence, an 
40 0 "HEN 14112068 8 


The moet dean en according 1 ic 


x F 


of 
{i 444 # * 41. 3:5 


J 10 NI. Fig 


, 
: 
4 


the observation of Feb. 28, 1794, is full eee e e 
the platiet'as the old 2d satellite; it will therefore take ——_ 


107 days, 16 hours, 30 minùtes, to complete one revolution. 


It will hardly be necessary mc eee 
penods depends entirely upon the truth of the assumed dis- 


' 


7% 


| fances; some considerable difference; therefore, may be expect- 
ed, when observations shall fürmish us with proper data fr 
more accurate mme, bu 101 ri 1055 | pony 
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IV. An Inquiry. — Source of the |Heat- which-is 
2 _ 1 By * err Count: * Rumford, 


. ttz | 


22 211? to * 


tions of life, opportunities present — of — — 
— ——— alco—es 


— ———— might often be —— ae wind 


thing that is going on in the ordinary course of the buzingss 
of life has oftener led, as it were by accident, or in the play- 
ful excursions of the imagination, put into action by contem- 
plating the most common appearances, to useful doubts, and 
sensible schemes for investigation and improvement, than, all 
the more intense meditations of —_ ners, * the hour 
pressly set apart for stu iy. 
It was by accident that I was led to * the — 
of which I am about to give an account; and, though they are 
not perhaps of sufficient importance to merit s0 formal an in- 
troduction, I cannot help flattering myself that they will be 
thought curious in several respects, and worthy of the honour 
of being made known to the Royal Societxꝛ. 


D SITE” 


Count Runrond's Inquiry, & . 81 


Being engaged, lately, in superintending the boring of can- 
non, in the workshops of the military arsenal at Munich, 1 
was struck with the very considerable degree of heat which a 
brass gun acquires, in a short time, in being bored; and with 
the still more intense heat (much greater than that of boiling 
n e _ 
„ the mire thay 
appeared to me to be curious and;interesting;” A thorough in- 
| f them seemed even to bid fair to give a farther 
into the hidden nature of heat; ant te cn , to. 
form some reasonable conjectures respecting the existence, 
non-exiotanes, of 6 igneous fluid: a subject on which the opi- 
nions of philosophers have, in all ages; been much divided. 
In order that the Society may have clear and distinct ideas 
of the speculations and reasonings to which these appearances £ 
gave rise in my mind, and also of the specific objects of phi- | 
losophical investigation they suggested to me, n 
to state them at some length, and in uch manner In 
think dest duited to answer this Purpase. auen Kc t g 
From whence comes the heat actually produced in the! mecha- 
nical operation above mentioned ? | 
1s it furniabd by the metallic chips which are aerated by 
the borer from the solid mass of metal? 

If this were the case, then, according to the modern doc- 
trines of latent heat, and of caloric, the capacity for beat of the 
parts of the metal, so reduced to chips, ought not only to be 
changed, but the change undergone by them should be suffi- 
ciently great to account for all the heat produced. 


But no such change had taken place; for I found, upon 
MpccxcviII. M 
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say, and putting them; at the same temperature, (that of boil- 
. ciber- portion, in-which/theialipe of metal 


whether any, or what change, had been produced in the metal, 
in regard to ng be 5 r by FIG chips by 5 
the borer.* | 


T n 11 42 £ 
One of them was as follows; | : 5 * 


; * 


3 | Cont baer 


dps ut — — of a 


at the temperature of 39 4 F.) the portion of water into which 
the chips, were Pot vs not, 10 all appearance,. heated either 


were put. „tlg On. = x 
This . — partes times, a 
were always 80 nearly the same, that I could not determine 


9 * 77 * 2 


From — it is evident, ths: 180 . produced could. ove 
„ , these experiments we üngertaht, it may * be ae. 10 the eden 


To 4590 grains of water, at the temperature of 3951 p. oe Ve as compen- 


i ation, reckoned in water, for the capacity for heat of the containing cylindrical tin 


vessel, being included, were added 10164 grains of gun - metal i in thin slips, separated 
from the gun by means of a fine saw, being at the temperature of a 100 F. When they 


had remained together 1 minute, and had been well stirred about, by means of a small 


rod of light wood, the heat of the mixture was found to be = 639. 
From this experiment, the speciſic beat of the metal, calculated according to the rule 


given by Dr«Crxawrord, turns out to be = 0.1100, that of water being'= 1.0000. 


An experiment was afterwards made with the metallic chips, as follows: 
To the same quantity of water as was used in the experiment above mentioned. at 
the same temperature, (viz. 59%,) and in the same cylindrical tin vessel, were now 


PRISTINE, HINT cha of gun-metal, bored out. of the same gun from 
| which the slips used in the foregoing experiment were taken, and at the same tempe- 


rature (2100. The heat of the mixture, at the end of 1 minute, was just 632, as 
before; consequently the specifie heat of these metallic chips was = o. 1100. Each 


of the above Wr was W 3 times, and n. with nearly the same 


. | 


— the Hebt-vnzcitad by Friction 3g 


possibly have been furnished at the expence of the latent heat 
of the metallic:chips. But, not being willing to rest satisſied 
with these trials, however conclusive they appeared to me to 
be, — more are vat 
— 974 2s TR cn. it; his grto 
Taking a cannon, ares apts andbroagh 
as it 8 the foundry, (see fig. 1. Tab. IV.) and fixing 
it (horizontally) in the machine used for boring, and at the 
same time finishing the outside of the cannon by turning, (see 
fig. 2.) 1 caused its extremity to be cut off; and, by turning 
down the metal in that part, a solid cylinder was formed, 74 
inches in diameter, and git inches long; which, when finished, 
remained joined to the rest of the metal (that which, properly 
speaking, constituted the cannon, ) by a small cylindrical neck, : 
only 2+ inches in diameter, and 9g; inches long. 
This short 3 which was supported in its horizontal 
position, and turned 1 its axis, by means of the neck by 
which it remained 8 to the cannon, was now bored with 
te horizontal borer used in boring cannon; but its bore, which 
was g. 7 inches in diameter, instead of being continued through 
its whole length (9.8 inches) was only 7.2 inches in length; 
so that a solid bottom was left to this hollow c e which 
bottom was 2.6 inches in thicknesss. 5 
This cavity is represented by dotted lines in fig. 2; as s als 
in fig. 3: where the cylinder is represented on an enlarged 
scale. EN i 
This cylinder being devignied for the express urpose 
nerating heat by friction, by having a blunt borer forced agai 
its solid bottom at the same time that it should be turned xc 


its axis by the force of horses, in order that the heat acci 


1 
[ 
; ö 
F 
4 
4 
wy 
1 
11 
| 4 
14 
d 
" | 
=_ 
7 
J * 
{ = 
* 
1 
1 
F F 4 5 
1 þ 
4 | 
: 
= ” Ld 
= f 
j | 
31% 23K * 
1 0 
iv 
' 1 
1 
1 11h 
pi 
is 
- 
— | 17 
5 8 
1 3 
WES: 1 
i 44 - 
N 9 
[1 
N 
1 
i 4 * 
, 
7 4 \ 
+14 FT 
1: 1% 
n 
in 1 
4 K J 
- \ 
1 
14719 
11 
* 
1 
. 
N 
. 
N 
. 
4: 
wy ! it 
"| N 
700 
434 1 
4 
4'Þ l 
in | 
l : 
: : 


cylindrical neck by which it remained united to the cannon, 
were 834 cubic aches, English measure; and it — 


84 c Ruur one's Airy concerning 


lated in the cylinder might from time to time be measured, a 
small round hole; (see d, e, fig. g.) 0:37 of an inch only in dia- 
meter, ——— — hats. 


ind ending i th mille ofthe id art of th me ve 
formed the bottom of its. bore. 4 n e 
The solid contents of this n. exchin of the 


11g.1glb. avoirdupois: as I found, on weighing it at the end 


df the course of experiments made with it, and after it had 
been separated from the cannon r eee engere = 


— OI0Y connected-* -- f 55 


9 
=» $650; 1791 1381 we 2 1575 1992 


. +reQxy! if 11 231 { oe - | Experiment No. 1. , 452 
— — Wa e nee n 


heat was actually generated by friction, when, a blunt steel 


borer being 80 forcibly shoved (by means of a strong screw) 


„eee e, r eee man 


112 771 5 17 > 
- For CE chould be SG of prodigatity i in the 8 of my philoso- 


phical researches, I think it necessary to inform the Society, that the cannon I made 


use of in this experiment was not sacrificed to it. The short hollow cylinder which 


was formed at the end of it, was turned out of a cylindrical mass of metal, about 2 feet 


in length, projecting beyond the muzzle of the gun, called in the German language 
the verlorner kopf, (the head of the cannon to be thrown away,) and which is 
represented in fig. 1. 

. projection, which is catis® defore the gun is bored, dees | 
with it, in order that, by means of the pressure of its weight an the metal in the lower 
part of the mould, during the time it is cooling, the gun may be the more compact 
in the neighbourhood of the muzzle; where, without this precaution, the metal would 
be apt to be porous, f. 
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aguinat it was equal-t6/ the weight af:abouti200001b. avoindu- 
pois, the cylinder was turned round on its axis, thy the foes 
of horses, ) at the rate of about ga times in a minute. | 
This machinery, as it was put together for the experiment, 
—— by: fig: 2. W is a strong horizontal iron bar, 
connected with proper machinery carried round by horses, by 

means of which the cannon was made to turn round its axis. 

0 — — the loss of any part of 
var-eldieniigedap ihe; f-ceniagie-thick-bad wit 
flannel, which was carefully wrapped round it, and defended 
it on every side from the cold air of the atmosphere. This 


— mmnden; chat the borer was a flat pice of hardened 
Steel, ©.6g of an inch thick, 4 inches long, and nearly as wide 
as the cavity of the bore of the cylinder, namely, g inches. 
Its corners were rounded off at its end, so as to make it fit 
the hollow bottom of the bore; and it was firmly fastened to 
the iron bar (m) which kept it in its place. The area of the 
surface by which its end was in contact with the bottom of the 
bore of the cylinder was nearly 24 inches. This borer, which 
is distinguished by the letter u, | is — in most of the 
figures. 
At the W of the experiment, the temperature of the 
air in the shade, as also that of the cylinder, was just 60 F. 
At the end of go minutes, when the cylinder had made 960 
revolutions about its axis, the horses being stopped, a cylin- 
drical mercurial thermometer, whose bulb was s of an inch 
in diameter, and 34 inches in length, was introduced into the 
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Hole made to receive it, in the side of the . nn 5 
mercury rose almost instantly to 190. 
— — — not be apponed tobe quite equally 
r that. i ntended; from 
tte axis of the cylinder to near its surface, the heat indicated 
by it could not be very different from that of the mean tempera- 
ture of the cylinder; and it was on this account that a thermo- 
meter of that particular form was chosen for this experiment. 
der to be able to make a probable conjecture respecting the 
quantity given off by it, during the time the heat generated 
by the friction was accumulating,) the machinery standing still, 
I suffered the thermometer to remain in its place near three 
quarters of an hour , observing and noting down, at small in- 
Enel a the hight of the 22 indicated by it. 
* at the end of I er n 
1614 | 4aninates: - - „ 
after. 5 minutes, 3 8 from the oth: 
= first observation, — 125 
WY at the end of 7 minutes ed M 2 F 123 
„ ä 3 
16 


29 » 


375 JETS ; 
and when 41 minutes had 3 — - 10 


would have been capable of melting 65 lb. of ice, or of causing 
near z lb. of ice-cold water to boil,) could have been furnished 
by so inconsiderable a quantity of metallic dust? 1 


. 
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— Having taken away the borer, I now removed the metallic 
dust, or rather scaly matter. which had been detached from the 


bottom of the cylinder by the blunt steel borer, in this experi- 


ment; and, having — — it, — 8 


de 837 grains Troy. 

_ Is it possible that the very cena —_ of heat that 
was produced in this experiment (a quantity which actually 
raised the temperature of above 11g1b. of gun-metal at least 
70 degrees of FA#RENHE1T's thermometer, and which, of course, 


in consequence of a. change of its capacity for heat? 
As the weight of this dust (897 grains Troy) amounted to 


no more than th part of that of the cylinder, it must have 


lost no less than 948 degrees of heat, to have been able to have 


raised the temperature of the cylinder 1 degree; and conse- 
quently it must have given off 66960 degrees of heat, to have 
produced the effects which were n found to have been 


produced in the experiment: 
But, without insisting on the imiprotiabiliey of this supposi- 
tion, we have only to recollect, that from the results of actual 


and decisive experiments, made for the express purpose of as- 


cerfaining that fact, the capacity for heat, of the metal of which 


| great guns are cast, is not sensibly changed by being reduced to 
te form of metallic chips, in the operation of boring cannon ;. 


and there does not seem to be any reason to think that it can 
be much changed, if it be changed at all, in being reduced to 


much smaller pieces, by means of a borer that is less sharp. 


oe 
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If the heat, or any considerable part of it, were produced in 
consequence of a change in the capacity for heat of a part of 
the metal of the cylinder, as such change could only be super- 
ficial, the cylinder would by degrees be exbausted ; or the 
quantities of heat produced, in any given short space of time, 
would be found to diminish gradually, in successive experi- 
ments. To find out if this really happened or not, I repeated 
the lar mentioned experiment several times, with the utmost 
care; but I did not discover the smallest sign of er ustion 
in the metal, notwi the large quantities of heat e. 
tually given off. 
r | 
in these experiments, or excited, as I would rather choose to 
express it, was not furnished at the expence of the latent beat 
or combined caloric of the metal, I pushed my inquiries a step 
farther, and endeavoured to find out whether the air did, or 
2 nen 


Experiment No. 2. 


eee eee and aka 
bar, (m,) to the end of which the blunt steel borer was fixed, 
was square, the air had free access to the inside of the bore, 
and even to the bottom of it, R by 
which the heat was excited. 

As neither the metallic chips produced in the ordinary course 
of the operation of boring brass cannon, nor the finer scaly 
particles produced in the last mentioned experiments by the 
friction of the blunt borer, showed any signs of calcination, I 
did not see how the air could card have been the cause 
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of the heat that was produced; but, in an investigation of this 
kind, I thought that no pains should be spared to clear away 
the rubbish, and leave the su JE as naked and open to inspec- 
tion as possible. 

In order, by one decisive experiment, to determine whether 
the air of the atmosphere had any part, or not, in the genera- 
tion of the heat, I contrived to repeat the experiment, under cir- 
cumstances in which it was evidently impossible for it to produce 

any effect whatever. By means of a piston exactly fitted to the 
mouth of the bore of the cylinder, through the middle of which 
piston the square iron bar, to the end of which the blunt steel 
borer was fixed, passed in a square hole made perfectly air- 
tight, the access of the external air, to the inside of the bore of 
the cylinder, was effectually prevented. (In fig. 3. this piston 


” (p) is seen in its place; it is like wise shown in fig. 7 and 8.) 


I did not find, however, by this experiment, that the exclu- | 
Sion of the air diminished, in the smallest goes, the quantity 
of heat excited by the friction. 
| There still remained one doubt, which, though it appeared 
to me to be so slight as hardly to deserve any attention, I was 
however desirous to remove. The piston which closed the 
mouth of the bore of the cylinder, in order that it might be 
air-tight, was fitted into it with so much nicety, by means of 
its collars of leather, and pressed against it with so much force, 
that, notwithstanding its being oiled, it occasioned a consider- 
able degree of friction, when the hollow eylinſder was turned 
round its axis. Was not the heat produced, or at least some 
part of it, occasioned by this friction of the piston ? and, as 
the external air had free access to the extremity of the bore, 
where it came in contact with the piston, is it not possible that 
. 3 
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um air may have had tame share in the generation of the heat 
3 


— No. 3. 


A quadrangular oblong deal box, (see fig. 4.) water-tight, 
114 English inches long, ges inches wide, and 9; inches deep, 
(measured in the clear,) being provided, with holes or slits in 
the middle of each of its ends, just large enough to receive, the 
one, the square iron rod to the end of which the blunt steel 
| borer was fastened, the other, the small cylindrical neck which 
joined the hollow cylinder to the cannon; when this box (which 
was occasionally closed above, by a wooden cover or lid moving 
on hinges,) was put into its place; that is to say, when, by 
means of the two vertical openings or slits in its two ends, (the 
upper parts of which openings were occasionally closed, by means 
of narrow pieces of wood sliding in vertical grooves,) the box 
(8, B, i, E, fig. g.) was fixed to the machinery, in such a manner 
that its bottom (i, &,) being in the plane of the horizon, its axis 
coincided with the axis of the hollow metallic cylinder; it is 
evident, from the description, that the hollow metallic cylinder 
vwould occupy the middle of the box, without touching it on either 
side, (as it is represented in fig. g.;) and that, on pouring water 
into the box, and filling it to the brim, the cylinder would be 
completely covered, and surrounded on every side, by that fluid. 
And farther, as the box was held fast by the strong square iron 
rod, (m,) which passed, in a square hole, in the centre of one of 
its ends, (a, fig. 4.) while the round or cylindrical neck, which 
joined the hollow cylinder to the end of the cannon, could turn 
round freely on its axis in the round bole in the centre of the 
other end of it, it is evident that the machinery could be put 
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in motion, without the least danger of forcing the box out of 


its place, ee the water out of it, or e . part 
of the apparatus. 


Every thing being ready, I desde to make the experiment 


T had projected, in the following manner. 


The hollow cylinder having been previously cleaned out, . 
the inside of its bore wiped with a clean towel till it was quite 


dry, the square iron bar, with the blunt steel borer fixed to the - 
end of it, was put into its place; the mouth of the bore of the 
cylinder being closed at the same time, by means of the circu- | 


lar piston, through the centre of which the iron bar passed. . 
This being done, the box was put in its place, and the join- 
ings of the iron rod, and of the neck of the cylinder, with the 


| two ends of the box, having been made water-tight, by means 
of collars of oiled leather, the box was filled with cold water, 


(vez. at the * of r and the machine was "= in 
motion. 155 


The result of this beautiful experiment was very 8 


and the pleasure it afforded me amply repaid me for all the 


trouble I had had, in contriving and arranging the * 
machinery used in making it. 


The cylinder, revolving at the rate of about 32 times in a 


minute, had been in motion but a short time, when J perceived, 
buy putting my hand into the water, and touching the outside 
of the cylinder, that heat was generated; and it was not long 
before the water which surrounded the e began to de | 


Sensibly warm. 


=> | 
At the end of 1 hour I found, by plunging a thermometer into 
the water in the box, (the quantity of which fluid amounted to 


18. 77lb. avoirdupois, or ag wine gallons, ) that its temperature 
N 2 


— . Ag Oe . 
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had been raised no less than 47 — being now 107 f 
FAHRENHEIT's scale. 
When go minutes more had elapsed, or 1 hour and go mi- 
nutes after the machinery had been put in motion, the heat of 
the water in the box was 142*. N 
At the end of 2 hours, reckoning from the beginning of the 
experiment, the temperature of the water was fou nd to be raised 
to 1 78˙ũ 
At 2 hours 20 minutes it was at 200*; and at 2 hours 3⁰ mi- 
nutes it ACTUALLY BOILED | 
It would be difficult to describe the surprise and astonish- 
ment expressed in the countenances of the by-standers, on 
seeing so large a quantity of cold water yok and * 
made to boil, without any fire. 
Though there was, in fact, nothing that could juatly be con- 
Sidered as surprising in this event, yet I acknowledge fairly 
that it afforded me a degree of childish pleasure, which, were! 
ambitious of the reputation of a grave pbilosopber, I * most 
certainly rather to hide than to discover. 
The quantity of heat excited and accumulated i in this expe- 
riment was very considerable; for, not only the water in the 
box, but also the box itself, (which weighed 134 Ib.) and the 
hollow metallic cylinder, and that part of the iron bar which, 
being situated within the cavity of the box, was immersed in 
the water, were heated 150 degrees of FaunkxHEIT's scale; 
viz. from 60* (which was the temperature of the water, and of 
the machinery, at the beginning of the experiment,) to 210˙ 
the heat of boiling water at Munich. 
The total quantity of heat generated may be estimated with 
some considerable degree of precision, as follows: 
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Of the heat excited there appears to — rn 
| might have been heated 180 de- 
have been actually accumulated, - 1 
n upois weight. 
In the water contained in the wooden box, | 4 | 
184 lb. avoirdupois, heated150 degrees, name- . 
ly, from 60 to 210˙ F. „ 
In 11g. 13 lb. of gun-metal, (the hollow enden) 
heated 150 degrees; and, as the capacity for heat of 
this metal is to that of water as 0.1100 to 1 ooo, this 
quantity of heat would have heated 124 w. of water 
the same number of degrees 1 = 10.97 
In g6.75 cubic inches of iron, (being that part ß 
| the iron bar to which the borer was fixed which en- 
| tered the box,) heated 160 degrees; which may be — 
reckoned equal in capacity for heat to 1.211b. of water 1.01 
VN. B. No estimate is here made of the heat accu 
mulated in the wooden box, nor of that dispersed ; 
during the experiment. 
Total quantity of ice-cold water which, with the heat 
actually generated by friction, and accumulated in 2 
hours and go minutes, might have been heated 180 de- 
grees, or made to boil N — — 26.58 
From the knowledge of the — of heat actually pro- 
duced in the foregoing experiment, and of the time in which it 
| was generated, we are enabled to ascertain the velocity of its 
production, and to determine how large a fire must have been, 
or how much fuel must have been consumed, in order that, in 
burning equably, it should have produced by combustion the 
same quantity of heat in the same time. 
In one of Dr. CrawrorD's experiments, 2 his Treatise 
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were heated 2775 degrees ol FAHRENEEIT' 8 thermometer, with 
_ the heat generated in the combustion of 26 grains of wax. 
15 This gives gB20g2 grains, of water. heated 1 degree with 26 

; grains of wax; or 146927 grains of water heated 1 degree, or 


52 = 81.631 grains heated 180 degrees, with the heat gene- 


rated in the combustion of 1 grain of wax. . 
ene d water which might have been heated ; 


a4 \..# 


80 degrees, with the heat generated by friction in the before- 
— experiment, was found to be 26.38 Ib. avoirdupois, = 
= 188060 grains; and, as 81.631 grains of ice-cold water re- 
quire the heat generated in the combustion of 1 grain of wax, to 
heat it 1 80 degrees, the former quantity o ice-cold water, namely 
188060 grains, n require the combustion of no less than 
2303-8 grains (= 47602. Troy) of wax, to heat it 180 degrees. 
As the experiment (No. g.) in which the given quantity of 
heat was generated by friction, lasted 2 hours and go minutes, 
= 150 3 it is necessary, for the purpose of ascertaining 
how many wax candles of any given size must burn together, in 
order that in the ae of them the given quantity of heat 
may be generated in the given time, and consequently with tbe 
same celerity as that with which the heat was generated by fric- 
tion in the experiment, that the size of the candles should be 
determined, and the quantity of wax consumed in a given time 
by each candle, in burning equably, should be known. 
Now I found by an experiment, made on purpose to finish 
these computations, that when a good wax candle, of a mode- | 
rate size, 2 of an inch in diameter, burns with a clear flame, 
just 49 grains of wax are consumed in go minutes. Hence it 
appears, that 245 grains of wax would be consumed by such 
a candle in 150 minutes; and that, to burn the quantity of 


a 


the Source of the Heat excited by Friction. 9% 
wax (= 20g. 8 grains) necessary to produce the quantity of 
heat actually obtained by friction in the experiment in ques- 
tion, and in the given time, { 150 minutes,) nine candles, burn- 
ing at once, would not be sufficient; for, g multiplied into 245 
(the number of grains consumed by each candle in 150 mi- 
nutes) amounts to no more than 2205 grains; whereas the 
quantity of wax necessary to be burnt, in order to produce the 
given quantity of heat, was found to be 230g. 8 grains. 
From the result of these computations it appears, that the 
quantity of heat produced equably, or in a continual stream, 

(if I may use that expression, ) by the friction of the blunt steel 
borer against the bottom of the hollow metallic cylinder, in the 
experiment under consideration, was greater than that produced 
equably in the combustion of nine waz candles, each 2 of an 


inch in diameter, all burnin g together, or at the same time, | 
with clear bright flames. 


As the machinery used in x this wr atalls rants 10 3 


carried round by the force of one horse, (though, to render the 

work lighter, two horses were actually employed in doing it,) 

these computations show further how large a quantity of heat 

might be produced, by proper mechanical contrivance, merely 

by the strength of a horse, without either fire, light, combus- 

tion, or chemical decomposition; and, in a case of necessĩty, 
the heat thus produced might be used in cooking victuals. 

But no circumstances can be imagined, in which this method 
of procuring heat would not be disadvantageous; for, more 
heat might be obtained by using the fodder necessary for as 
support of a horse, as fuel. | "> I 
As soon as the last mentioned experiment (No. g.) was 

finished, the water in the wooden box was let off, and the box 
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removed; and be borer being taken out of the cylinder, 
the scaly metallic powder, which had been produced by the 
friction of the borer against the bottom of the cylinder, was 
collected, and, being carefully 2 was found to 1 
4143 grains, or about 83 oz. Troy. 
As this quantity was produced in 24 koi this gives 824 
grains for the quantity produced in half an hour. 
In the first experiment, which lasted any —_ an bour, the - 
quantity produced was 837 grains. | 
In the experiment No. 1, the quantity of heat generated, in 
| half an hour, was found to be equal to that which would be 
required to heat _ IE of ice-cold water 180 — 
or cause it to boil, 
According to the result of the experiment No. g, the heat 
generated in balf an hour, would have caused 3j. 31 lb. of ice-cold 
water to boil. But, in this last- mentioned experiment, the heat 
generated being more effectually confined, less of it was lost; 
which accounts for the difference of the results of the two ex- 
It remains for me to give an account of one experiment 
more, which was made with this apparatus. I found by the 
experiment No. 1. how much heat was generated when the 
air had free access to the metallic surfaces which were rubbed 
together. By the experiment No. 2, I found that the quan- 
tity of heat generated was not sensibly diminished when the 
free access of the air was prevented; and, by the result of 
No. g, it appeared that the generation of the heat was not 
prevented, or retarded, by keeping the apparatus immersed in 
water. But as, in this last-mentioned experiment, the water, 
though it surrounded the hollow metallic cylinder on every 
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zide, externally, was not suffered to enter the cavity o 
bore, (being prevented by: the piston, ) and cone 
not come into contact with the metallic curfaces where the 
8 ne — pate and 
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Experiment No, 4 6 
1 
being removed, the blunt borer and the cylinder were once 
— —— — 
filled with water, the machinery was again put in motion. 
There was nothing in the recult of this experiment that-ren- 
ders it necexxary for me to be very particular in my aecount of 

| enerated, as'in the former experiments, and, to 
appearance, quite as rapidly; and I have no doubt but the 
water in the box would have been brought to boi, had the ex- 
periment been continued as long as the last, The only circum- 
37 ce.——_——_— pm 
occasioned in the noise made by the borer in rubbing against 
the bottom of the bore of the cylinder, by filling the bore with 
| water, This noise, which was very grating to the ear, and 
sometimes almost insupportable, was, as nearly as I could 
367 cy os poke eg ger wy yin 
nan n 
in contact with air. 

By meditating on the results of all these experiments, we 
are naturally brought to that great question which has 30 
often been the subject of . among philosophers; 
namely, 1 | 
MDCCXCVINL, — 
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Jnid?—I5 there any thing that e can with propricy be called 
caloric® Dr lnb e tr +; 0 
— A — 
be excited in the friction of two metallic surfaces, and given 
off in a constant stream or flux, in all directions, without inter- | 
ruption or intermission, and without y signs of diminution, 
or exhaustion. 
— mich was continually given off 
- ho ekio mane; ii the-firegoing xeriments? Was it furnished 
by the emal particles of metal, detached from the larger ce 
masses, on their being rubbed together? This, as we have: * 
ready seen, could not possibly have been the case. 

Was it furnished by the air? — the 
case; for, in three of the experiments, the machinery being kept 
immersed in water, r R 
completely prevented. „ 
—— ah>-weer! which cmmmndes the.s: 
chinery? That this could not have been the case is evident; 
first, because this water was continually receiving beat from 
the machinery, and could not, at the same time, be giving to, 
and receiving beat from, the same body; and secondly, because 
there was no chemical decomposition of any part of this water. 
Had any such decomposition taken place, (which indeed could 
not reasonably have been expected, ) one of its component elas- 
tic fluids (most probably inflammable air) must, at the same 
time, have been set at liberty, and, in making its escape into 
the atmosphere, would have been detected; but, though I fre- 
quently examined the water, to see if any air bubbles rose 
up through it, and had even made preparations for catching 


5 
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them, in order to examine them, if any should appear, I could 
perceive none; nor was there any sign of decomposition of 
—̃ (00 EY II GEING in 

„ ee ene W by awe 


@f:the ien ber 10 the end. of which the blunt steel borer was 


fixed ? or by the small neck of gun-metal by which the hollow 
cylinder was united to the cannon ? These suppositions appear 
more improbable even than either of those before mentioned; 
for heat was continually going off, or out of the machinery, by 
both 6 the experimen . 
lasted. 
Arsen ere n en ande 


of the heat generated by friction, 6＋ꝙ—Iv— enpatimeſte, 6h 
peared evidently to be inexbaustible. 
It is hardly necessary to add, that any thing which any in- 

| sulated body, or system of bodies, can continue to furnish with- 
out limitation, cannot possibly be a material substance : and it 
appears to me to be extremely difficult, if not quite impossible, 
to form any distinct idea of any thing, capable of being excited, 
and communicated, in the manner the heat was excited and 
communicated in these experiments, except it be MOTION. 
I am very far from pretending to know how, or by what 


means, or mechanical contrivance, that particular kind of ma- 


tion in bodies, which has been supposed to constitute heat, is 
excited, continued, and propagated, and I shall not presume 
to trouble the Society with mere conjectures; particularly on 
2 gudject which, during so many thousand years, the most 
0 2 — 


consider that most remarkable circumstance, that the source 


K* 4 ix [1 Q be? Ys — 1: #-*- 4 bg 


DDD 
S 
uman intelligence, this ought by no means to discourage us, 
or even lessen our ardour, in our attempts to investigate the 
laws of its operations. How far can we advance in any of the 
paths which science has opened to us, before we find ourselves 
enveloped in those thick mists which, on every side, bound the 
— Tint iuaote totem hernitgtn, and od tes 
eresting, is the field that is given us to explore! 301 
Nobody, . 
understand the mechanism of gravitation; and yet what sub- 
„ ee de er verum de: 
merely by the investigation of the laws of its action! 
The effects produced in the world nn 
are probably just as extensive, and quite as important, as | 
thics which are owing to” the/texdency' of: the particies of 
matter towards each other; and there is no doubt but its 
orion dcartne bel 
mutable. 
ns Sabie nom leeds tak: how. artadve, 
that although; in treating the subject I have endeavoured to 
investigate, I have made no mention of the names of those 
who have gone over the same ground before me, nor of the 
success of their labours; this omission has not been owing to 
any want of respect for my predecessors, but was merely to 
be 
interruption, the natural train of my own ideas. 
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Ns.” 2. "The cannon is seen fixed in the machine used 
for boring cannon. W is ; a strong iron bar, (which, to save 
room in the drawing, is represented as broken off,) which bar, 
being united with machinery (not expressed in the figure) 
chat is carried round by horses, causes the cannon to turn 
round its axis. - F 
m is a strong iron bar, to the end of which the blunt borer 
is fixed; which, by being forced against the bottom of the 
bore of the short hollow cylinder that remains connected by 
a small cylindrical neck to the end of the cannon, is used in 
generating heat by friction. 
Fig. 3. chows, on an enlarged scale, the same hollow cylin- 
der that is represented on a smaller scale in the foregoing 
figure. It is here seen connected with the wooden box (g. 5, 
i, k,) used in the experiments No. 3, and No. 4 When this : 
hollow cylinder was immersed in water. 
pP), which is marked by dotted lines, is the piston which 
closed the end of the bore of the cylinder. 5 

n is the blunt borer seen side- wise. 

d, e, is the small hole by which the thermometer was in- 
troduced, that was used for ascertaining the heat of the cylin- 
der. To save room in the drawing, the cannon is represented 
broken off near its muzzle; and the iron bar, to which the blunt 
borer is fixed, is represented broken off at m. 
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Ae e eee of eee 
economy, for the maintenance of health, and the prevention of 
. disease, cannot but be interesting to the ilosopher as well 
=. 2 817 ARS a 
There — in | the blood l 
® eee ins wk init pct ah 
body, and which is of great use in the healthy functicus of 


that organ, but which is particularly, serviceable in prevenu 
disease of a part so essential thao nas % i ol! 

A distended state of the blood vessels must always l bh 
their functions, and -consequently: be very -detrimental to the 
health of the part which they supply; but, as the cavities of the 
heart are naturally receptacles-of blood, a singular opportunity 
is afforded to its nutrient vessels, to relieve themselves when sur- 
charged, by pouring a part of their cuntents into those cavities. 
Such appears. to be the use of the foramine by. which. injec- 
tions, thrown into the blood vessels of; the heart, escape into 
the cavities of that organ: and which were first noticed by 1 
Vievssexs, but, being more expressly described by TuEBESsius, — | 
generally bear the name of the latter author. [| 


— — 
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Anatomists appear to have been much perplexed concerning 
these foramina Thebesit ; even HAaLLen, Senac, and Zinn, 
were gometimes unable ta discoer them; which. suggested an 
idea, that when an injection was effused into. the cavities of the 
| heart, the vessels were torn, and that itdidinot escape through 
natural openings. When these foramina were injected, they 
were found under various circumstances, as to their size and 
situation; and Har hen observed, that the in injection, for the 
most part, escaped into the right cavities of the heart. It also 
remains umdetermine whether these ſoramina belong both to 
the arteries and veins, or respectively toleach get of vessels. 
It is from an examination of these openings in diseased sub- 
1 — At be ob- 
tained. Whoever reflects on the ircur stan 


3 Ge Eh eee Rn the: — 
blood through that vessel must occasionally take place; but 
the difficulty will be much increased, when the right side of 
the heart is more than ordinarily distended;/in congequence of 
de oe dis ele nga Indeed it seems pro- 
bable, that such an obstruction, by occasioning a distended 
n r 
circulation in the nutrient vessels of that organ, would as 
— corresponding disease in it, as an — 
to the circulation in the liver occasions disease in the other ab- 
dominal viscera, were e eee eee 
mm 0 
| Mining beak ——— — prlmenaty 
consumption, from a desire to witness the effects of breathing 
medicated air in that complaint, I was led to a more particular 
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cases, I found, that by throwing common coarse waxen injec- 


.de Men of the/ Flt. 155 
examination of the heart of those patients who died. In these 


tion into the arteries and veins of the heart, it readily flowed 
into the cavities of that organ; and that the left ventricle was 


injected in the first place; and most completely. When the 


ventricle was opened, and the effused injection removed, the 


foramina Thebesii appeared both numerous and large, and dis- 


* 


perfectly sound state, I found, that in the former, common in- 


jiection readily flowed, in the manner which I have described, 
into all the cavities of the h 


jeceris, perinde in dextra auricula, sinuque et ventriculo dextro, 


pelled into the coronary arteries and veins. | Upon eight com- 
parative trials, made by injecting the vessels of hearts taken 


Se lungs were either much diseased, or in a 7 


from subjects v 


rt, but principally into the leſt 
ventricle ; whilst, E 

least quantity of such coarse injection into that cavity.” 
. the facility with which the cavities of the 
heart can be injected from its nutrient vessels, was observed 
by most anatomists, though they did not advert to the cir- 


cumstances on which it depended. HaLLER's recital of his 


own observations, and of those of others on this subject, 80 
well explain the facts which I have stated, that I shall take 


the liberty of quoting the passage, in order further to illustrate 


and authenticate them. He says, « Si per arterias liquorem in- 


« et in sinu atque thalamo sinistro guttulz exstillabunt; sæpe 
quidem absque mora, alias difficilius, et nonnunquam omnino, 
c uti continuo dicemus, et mihi, et SEXNAco, et clarissimo Zixxio, 
* nihil exsudavit.” — Elem. Physiol. Tom. I. page 382. 
As it Seems right that the blood which had been distributed 
MDCCXCV111, * 
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by the coronary arteries, and which must have lost, in a greater 
or less degree, the properties of arterial blood, should not be 
mixed with the arterial blood which is to be distributed to every 
part of the body, but ought rather to be sent again to the 
lungs, in order that it may re- acquire those properties; we 
therefore perceive Why, in a natural state of the heart, the 
printipal foramina Thebesii are tobe found in the right cavi- 
ties of that organ. However, as, even in a state of health, those 
cavities are liable to be uncommonly distended, in consequence 
of muscular exertion sometimes forcing the venous blood into 
the heart faster than it can be transmitted through the lungs, 
there seems to arise a necessity for similar on the left 

side; but these, in natural state, though capable of emit- 
ting blood, and of relieving the plethora of the coronary ves- 
sels, are not of sufficient size to give passage to common waxen 
injections. Vet, when there is: a distended state of the right 
cavities of the heart, which is almost certainly occasioned by a 
 diseasett state of the lungs, these foramina leading into the left 
cavities: then become enlarged, in the manner that has been 
already described; and thus the plethoric state of the nutrient 
vessels of the heart, and the N aA disease of that i impor- 
tant organ, are prevented. 

The preceding remarks with I think, ly pla the 
cause of the variety in the size and situation of these foramina, 
which also appear to belong both to the arteries and veins; be- 
cause, the injection which was employed was too coarse to pass 
from one set of vessels to the other, and yet the different co- 
| Joured injections passed into the cavities of the heart unmixed. 

There is yet another mode by which diseases of the heart, 
that would otherwise so inevitably succeed to obstruction in the 
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| vexntls, are avyided; jan which, next. beg le. 


to explain. | 


tte aa amv» Het nt 6p 
little affeoted, when the lungs were greatly diseased, and ob- 


open, I was led to pay more particular attention to the state of 


that part; and I have found this to be almost a constant occur- 
rence in those Subjects where pulmonary consumption had for 


some time existed previous to the person's decease. I took no- 
tice of this circumstance thirteen times in the course of one year; 


newal of the foramen ovale is the effect of disease: nor will the 
opinion appear, on reflection, improbable; ; for the opening be- 


comes closed by the membranous fold growing from one edge 
of it, till it overlaps the other, and their smooth surfaces being 
| kept in close contact, by the pressure of the blood in the left 
auricle, they gradually grow together. But, should there be a 


| deficiency of blood in the left auricle, and a redundanee in the 
right, the pressure of the latter on this membranous partition, 


will so stretch and irritate the uniting medium, as to occasion 


its removal; and thus a renewal of the communicatio bet 
the auricles will again take place. 


From these observations it. is 88 to suppose, that ; in 

thaw men, or animals, who are accustomed to remain long un- 

der water, this opening will either be maintained or renewed : 

yet on this circumstance alone the continuance of their life 

does not depend; for, we now have sufficient proof, that if the 
4 


serving, in one or two instances, that the foramen ovale was 


and, in several instances, the aperture was sufficiently large 
to admit of a finger being passed through it. Now, as the 
septum auricularum is almost constantly perfect in subjects 
whose lungs are healthy, I cannot but conclude, that the re- 


the three were alive. He then allowed them to respire about 
half an hour, and again immersed them in the warm milk, 


two were vigorous, but the third seemed to languish : this sub- 


I 
N | 
4 
4 
' | 
[ 
z 
1 
: 
L 1 
| 
1 ' 
4 | | 
S | 
| ' 
1 i 
þ 
1 5 
ö ö 
q 11 
% 1 4 
J 
ö 
d | 
* 
F 
| ! 
» 
11 
q 11 
ll 
! | 
1 i 
=_ þ 
Y 


mersion was 2 nn without * urn to the 


made a good diver in this way; but, having satisfied myself 


108 Mr. Wi Observations on 
Mag in not XYVgena ed in the lungs, it is unfit'to support the 


animal powers. There is an experiment related by Burrox, 


the truth of which, I believe, has not been publicly contro- 


verted, and which tends greatly to misrepresent this subject. 


He says, that he caused a bitch to bring forth her puppies un- 
der warm water; that he suddenly removed them into a pail of 
warm milk; that he kept them immersed in the milk for more 
than half an hour; and that when they were taken out of it, all 


where they remained another half hour ; and, when taken out, 


animals. 
This experiment is 80 nity. 6 contrary to o what we are e led 


to believe from all others, and also to the information derived 
from cases which frequently occur in the practice of midwifery, 


(in which, an interruption to the circulation through the umbi- 


lical chord occasions the death of the fœtus,) as to make me sus 
pect its truth : I was therefore induced to examine what would 


happen in a similar experiment. I did not indeed cause the 
bitch to bring forth her puppies in water; but immersed a 


puppy, Shortly after its birth, under water which was of the 


animal temperature. It lost all power of supporting itself in 


about 60 seconds, and would shortly have perished, had I not 


removed it into the air. Neither could I, by repeating this ex- 
periment, so accustom the animal to the circulation of unoxy- 
genated blood, as to lengthen the term of its existence in such 
an unnatural situation. I thought that a dog might have been 


— 


F the Foramina Thebesii of the Heart. 109 


that this could not be done, without greatly torturing the ani- 
11 I did not choose to prosecute so cruel an experiment. 
Young animals, indeed, retain their irritability for a consi- 


derable time, so that they move long after they have been 


plunged beneath water; and may even, on this account, reco- 


ver after they are taken out. But the manner in which Bur- 


rox has related his experiment seems to imply, that the circu- 


lation of the blood, and other functions of life, were continued 
after the animals had been excluded from the air. I am con- 
vinced that the poor dog who was the subject of my — | 


would have been beyond recovery in a few minutes. 


Those animals who are accustomed to remain long ander 
water, probably first fill their lungs with air, which may, in a 
partial manner, oxygenate their blood during their submersion. 
The true statement of this subject may probably be, that the 
circulation of venous blood will destroy most animals in a very 
short space of time; but that custom may enable others to en- 


dure it, with very little _ for a longer period. 
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VI. An Analysis of the earthy Substance from New South Wales, 
called Sydneia or Terra Australis. cd Charles ** _ 
2 A 


nag 5 


Tax late i ingenious W Wisewdek Esq. F. R'S. publiched, 
in the Philosophical Transactions for the year 1790, an account 
of some analytical experiments on a mineral substance from 
| Sydney Cove, in New South Wales. * 9 
This substance, Mr. WrDOwOOD describes to be composed of 
1 --. white sand, a soft white earth, some colourless micaceous 
| wi = + particles, and also some which were black, resembling wad 


| mica, or black lead. 
| Nitric acid did not appear to act on any part of this earthy 
substance; and even a portion on which sulphuric acid had 
been boiled to dryness, afforded afterwards, when edulcorated 
with water, only a few flocculi, which Mr. Wep@woop con- 
ceived to be aluminous earth. 1 „ 
The muriatic acid, during digestion, seemed to act as little | 
as the two preceding acids; but, upon water being poured in, 
to wash out the remaining portion, the liquor instantly became 
white as milk, with a fine white curdy substance intermixed ; 
the concentrated acid having, in the opinion of the author, 


— 
——— L — — — — 1 , 


* Philosophical Transactions, Vol. LXXX. Part II. page 306. 


Mr. Haronzrr's Analyiis, a os 
thing eee, 


| The remaining part was pm Sgeated with muris ic 
acid, and treated with water, as before, till m 
ance mene. 61 1111 
The properties of this white precipitate, Mr. Wzpowoo ates | 
docs hors: SLED | 

15t. It is only soluble in hoiling comattrates muriatic 0 
Adly. It is precipitated by water, in the form of a White 2. 
which may again be dissolved by boiling muriatic — 
gdly. When nitric acid is mixed with the n e 
of this earth, 6 graphic not even 
when water is added, provided that the nitric acid 2 * 
nearly approaches, the quantity of muriatic acid. | 


Athly. The earth is precipitated by the alkalies. 


- zthly. The muriatic solution does not crystallize by enkjio- - 
ration; but a 3 mass, which soon * 


8 


| Gthly. The butyraceous mass is not corrosive to the taste: 
and is even less pungent than the combination of calcareous 
earth with the same acid. rr 
7thly. Heat approaching to ignition e the acid "A 4 
the m. mass, in white fumes, and a white ee 
remains. 
Sthly. The white — earth is fusible 95 Se, in FOR 
142* to 156* of Mr. WEpGwoop's thermometer, and it is thus 
distinguished from all the other primitive earths. 85 
And, gthly. This precipitate cannot be reduced to a metallic 
state, when exposed to heat with inflammable substances. 
From these properties, Mr. WepGwoop . that although : 


. Mr. HaTteuerT's Analysis of the ea: 


he cannot absolutely determine whether this substance belongs 
to the class of earths, or that — I 
inclined to refer it to the former: --- 
Professor BLuMENBacu, of Göttingen, in his Manual of Na- 

tural History, published in 1791, also mentions that he had exa- 
mined. a portion of this earthy substance, by means of muriatic 
acid, after the manner of Mr. Wp wood, and that he had ob- 
tained a slight precipitate by the addition of water. * 
In consequence of these experiments, the mineralogists 
throughout Europe admitted the white precipitated substance 
to be a primitive earth; and we accordingly find, in all the 
systematical works on mineralogy published since the above- 
mentioned period, that it is arranged as a distinct genus, under 
the names of n Australa, Terra * and 4 
Sand. 

6 en — 4. 

mists in general from examining more minutely into the nature 

of this new primitive earth, till Mr. KLAT ROTH, in the second 
volume of his Additions to the Chemical Knowledge of Mineral 
Bodies, gave to the public a memoir entitled, A Chemical — 
mination of the Austral Sand. ob 
In this memoir, Mr. KLAyRO TH says, that * bad ae * 
Mr. Ha1ipiNGER, of Vienna, two samples of this substance; one 
of which had a considerable quantity of black shining particles 
intermixed with it, which, although regarded by many as gra- 
phite or plumbago, he was ne to believe to be „ 
or micaceous iron ore. 


The other contained much 12 of these black or dark grey 


* Handbuch der n p. 567 and 568. 
t ** zur Chemischen Kenntniss der Mineralkorper. —TZ weiter Band, p. 66. 


called Sydieia or Terra Australis. 11g 


particles, and, as he considered it to be more pure than the 
former, he subjected it to the following experiments. a 
1. It was digested at three different times with concentrated 
2 — acid, in a boiling heat, and the acid was afterwards fil- 
trated through paper. The solution was then mixed by degrees 
with pure water, which did not — mma any preci 20 
tate, even when warmed. 

Carbonate of potash caused some floceuli to fall which, edul- 


corated and dried, weighed g.25 grains. 


left a small portion of siliceous earth; after which the nen. 
by evaporation, afforded crystals of alum. 5 
2. The residuum of the muriatic solution was mixed with 
three times the weight of potash, and exposed to a red heat. 
 Muriatic acid was then poured on the mass, and the insoluble 
gelatinous residuum was edulcorated on a filter; and, after a 
red heat, weighed 19-50 — which — to be ailiceous 
— Sþ The muriatic solution, with prussiate of potash, afforded a 
blue precipitate; the ferruginous pow of which was about one 
quarter of a grain. 
4. The solution was then Saturated with ET TREE of pot- 
ash, and some alumine was precipitated ; which, after a red 
heat, weighed 8. 50 "= and with 8 acid formed : 
alum. 


the only ingredients of this substance; but, as Mr. KLayroTH 
had no more than thirty guts: to e. — he could not extend 
his experiments. 


From those above related, he is of opinion that the existence 
MDCCXCVIII, — 2 


This precipitate was dissolved in diluted sulphuric acid, * 


Siliceous 4 als; and iron, appeared denies to be 
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114 Mr. HArchErr's Analysis of the earthy Substance 
of this primitive earth may be much doubted, and that this 
doubt can only be removed in the course of time, by . 
r 

Mr. Klargorn concludes his memoir by saying, that the 
en examined by him was undoubtedly the genuine 


: austral sand, as Mr. HAIDINGER had received it from Sir 
JoSEPH Banks, when he was in London. nn 


Mr. NicnoLsoN, however, in the gth Number of his Journal 


of Natural Philosophy, Sc. (p. 410.) published on the ist of 


December, 1797, questions much, whether the substance exa- 


mined by Mr. KLAPROTH was the same as that examined by 
Mr. Wrocwoop; and, after having contrasted their experi- 
ments, says, hence it seems fair to conclude that the two 
* minerals were not the same, however this may have hap- 
« pened; and that the existence of the new fusible earth of 


by WepGwoop stands on the same evidence as before, namely, 


his experiments, which * not yet been repeated, that 3 


« know of.” 
Some of Mr. N1cHoLSON's objections to the attire of 


Mr. KLArkorn, being founded principally on some difference 


in the external characters of the substance examined by him, 
and the one examined by Mr. Wc wood, are such as very 
naturally occur; but the following pages will, I believe, prove 


that Mr. KLAPROTn's experiments were made on that which 


might be justly regarded as the Sydneza or austral sand. 
In 1796, the Right Hon. Sir Josgrh BAxks, P. R. S. favoured 


me with a specimen of the Sydneia, which had been lately 


brought to England; a portion of this I soon after examined, 


in a cursory manner, by muriatic acid, but did not obtain any 
precipitate when water was added to the filtrated solution. 


* 
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Upon mentioning this circumstance, and expressing a desire 
to examine this substance with more accuracy, Sir Josten: 


Banks, with his usual readiness to promote every seientific 
inquiry, not only permitted me to take specimens from diffe- 
rent parts of the box which contained the earth already men- 
tioned, but (that every doubt might be obviated) gave me about 


goo grains which remained of the identical substance examined 


by Mr. Wepewoop. 


Upon these the a experiments were made; and, to 


| distinguish them, I shall call the my No. 1, and. that examined 
by Mr. „ No. 2. | 


3 9. 2. . 
| Analysis of the Sydneia, > No. | 


| The Sydneia, No. 1, is in masses and lumps, of a 10 OT - 
| white, intermixed with a few particles of white mica, and also 
occasionally with some which are of a ark grey, 2 


graphite or plumbago. 


It easily crumbles between the 6 to a powder nearly 


impalpable, which has rather an unctuous feel. 


small fragments of vegetable matter are also nk 
found intermixed with it; and the general aspect is that of an 
= n substance which has been — by water. 


EXPERIMENT 1. 


400 Grains were put into a glass matrass, HE'D one - quart of 


distilled water being added, the whole was boiled to one fourth. 
The liquor was then filtrated, and a portion being examined 
m7 the re- agents commonly used, afforded no trace of matter 
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and the acid was distilled, till the matter in the retort remained 
dry. 'Two ounces of muriatic acid were again poured on it, and 
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in solution. The remainder was then n evaporated, without leav 


ing any residuum. - 2.4 


EXPERIMENT 2. 


ee eee cont rnitag ne demi were 
put into a glass retort, into which I poured three ounces of 
concentrated pure muriatic acid. The retort was placed in sand, 


distilled as before, till only one fourth remained. The whole 


was then put into a matrass, which was placed in an inclined 


position, so that when the earth had subsided, the liquor might 


be decanted, without disturbing the sediment. 


When it had remained thus for 12 hours, the acid was care- 


fully poured into a glass vessel; but, as I observed that it was 


not so perfectly transparent as before it had been thus employed, 


1 suffered it to remain 24 hours, but did not perceive any sedi- 
ment. Half of this liquor was diluted with about twelve parts 

of distilled water, and, after a few . a very Small quantity 
of a white earth subsided. 


This however did not appear to me to be a precipitate caused 


by a change in the chemical affinities;” but rather an earthy 
matter which had been suspended in the concentrated acid, 
5 and àfterwards deposited, when the liquor was rendered less 
dense by the addition of water. To ascertain this, I poured the 


remaining portion of the concentrated liquor on a filter of four 


folds: it passed perfectly transparent, and, although diluted with 
_ twenty-four parts of water, it remained unchanged, and as pel- 


Jucid as before. I now filtrated the former portion, and added 
it to that — mentioned. 
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lt was then evaporated to dryness, and left a pale brownish 


mass, which was dissolved again, by digestion, | in the smallest 
possible quantity of muriatic acid. 


Water was added, in a very large proportion, to this solution, 


without producing any effect; I then, by prussiate of potash, 
precipitated a quantity of iron, which was separated by a filter. 


The clear solution was then saturated with lixivium of car- 


was collected and edulcorated. This, when digested with di- 
luted sulphuric acid, was dissolved; and the superfluous acid 


being driven off by heat, boiling water was poured on the re- 


siduum, and completely dissolved it. * 


To this solution some drops of lixivium of potash were 
added, and, by repeated eva porations, the whole formed _ - 


tals of alum. 
From the above experiment it appeared, that the muriatic 


acid had only dissolved some alumine and iron; but, in order 
to satisfy myself more completely in respect to the component 


parts of this substance, I made the following analysis. 


Analysis. A. 400 grains were put into a glass retort, which 

was then made red-hot during half an hour. Some water came 
cover, and the earth afterwards weighed 380. 80 grains, so that 
the loss amounted to 19.20 grains. The greater part of this 


bonate of potash, and a white precipitate was produced, which 


loss was occasioned by the dissipation of the water imbibed by 


the earth; to which must be added, the loss of weight caused 
* the combustion of a small portion of vegetable matter. 


B. The 380.80 grains were rubbed to a fine powder, and 
being put into a glass retort, 1470 grains of pure concentrated 
Sulphuric acid were added. The retort was then placed in a 


small reverberatory, and the fire was gradually increased, till 
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the acid was distilled over: it was then poured back on the 
matter in the retort, and distilled : as 2 till a mass nearly 
dry remained. 

On this, boiling distilled water was repeatedly poured, until 


it no longer changed the colour of litmus paper, and was de- 
void of taste. The undissolved portion was then dried, and 
made red-hot; after which it weighed 281 grains. 


C. I now mixed the 281 grains with goo grains of dry car- 


bonate of potash, and exposed the mixture to a strong red heat, 


in a silver crucible, during four hours. The mass was loose, 
and of a greyish white : it was softened with water, and, being 


put into a retort, sulphuric acid was added to a considerable 


excess. The whole was then distilled to dryness, and, when 
a sufficient quantity of boiling water had been added, it was 


poured on a filter, and the residuum was well washed; it was 
then made red-hot, and afterwards weighed 274.75 grains. 


D. The solutions of B and C were added together, and were 


much reduced by evaporation. Pure ammoniac was then em- 
ployed to saturate the acid, and a copious loose precipitate, of 

a pale yellowish colour was produced; which, collected, edul- 
corated, and made red-hot, weighed 10g. 70 grains. 


E. The filtrated liquor of D was again evaporated, and 


carbonate of potash being added, a slight precipitation of earthy 
matter. took place; which, by the test of sulphuric acid, prove 
to be some alumine which had not been precipitated in the 


former experiment: this weighed 1.20 grain. 
F. The 103.70 grains of D were completely dissolved when 
digested with nitric acid, excepting a small residuum of silice- 
ous earth, which weighed 0.90 grain. 
6. The nitric solution was evaporated to dryness, and a 


— 
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second portion of the same acid was added, and in like man- 


ner evaporated. The residuum was then made red-hot, and 
digested with diluted nitric acid, which left a considerable por- 
tion of red oxide of iron. The solution was again evaporated, 

and the residuum, being treated as before, again deposited some 
oxide of iron, much less in quantity than the former. 


The whole of the oxide was then heated with wax in a por- 
ceelain crucible, was taken up by a magnet, and weighed 26. go 


grains. 


H. The nitric solution of G was saturated with ammoniac, 
and a loose white precipitate was formed ; which, edulcorated 


and made red-hot, weighed 76 grains. 

I. These 76 grains were dissolved when digested with di- 
luted sulphuric acid; and, when the excess of acid had been ex- 
pelled by heat, the saline mass was dissolved in boiling water. 


To this solution I added some lixivium of potash, and, by gra- 


dual and repeated evaporations, obtained the whole in regular 
octoedral crystals of alum. 


K. The 274.75 grains of C now alone n to be exa- 


mined. They appeared to consist of siliceous earth, mixed with 
the dark grey shining particles already mentioned; but, as I 


shall describe, in the following experiments, the process by 


which these were Separated, I shall now wad say that they 
amounted to 7.50 grains. 

L. The earth with which the abovementioned particles were 
mined weighed 267.25 grains. This earth was white, and arid 


to the touch: when melted with two parts of Soda, it formed a 


colourless glass; and, with four parts of the same it dissolved 
in water, and formed a liquor silicum: it was therefore pure 
siliceous earth or silica. 
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The substance here examined was composed therefore of the 


. | eh | „ 
F. 6.0 
Pur leon art or ic — 4 4070 
— OY | ö 
Aunine = = = ln 76 


Oxide of iron =< _ - - "Sd" 
Dark grey particles K. 7.50 
Water and — —A A 19.20 


a_. 


398. 55 
The foregoing analysis was repeated several times, and th - 


ways with similar results; excepting, that as I had taken the 
specimens from different parts of a large quantity, I found that 


the proportions of the ingredients were not constantly the same: 


and the alumine and iron proportionably less. Some specimens 
were also nearly or totally destitute of the dark grey shining 
particles; in short, every circumstance was such as might be 


expected from a mixed substance, which, from the nature of its 


formation, cannot have the ingredients in any fixed proportion.“ 
As this substance agreed in its general characters, for the 
greater part, with that described by Mr. WEp@woop, and as 
it was indisputably brought from the same place, there appeared 
wary reason to believe that the nature of both was the same; 


* The description given by Mr. KLayPRoTH convinces me, that his experiments 
were made on a portion of this substance. Moreover, when my late friend Mr. Hal- 
DINGER was in London, I gave him some of this earth for his collection; so that, 


whether Mr. KL Ar ROTH made his experiments on that which had been received by 


Mr, Ha1vinGes from Sir Jos EFH Banks, or from myself, it is not less certain that 
he operated on that which might be regarded as the genuine Sydneia. 


2. 


— 7285 


that of the siliceous earth, for example, was sometimes greater, 


3 
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| but; to obviate as much n any doubt or objection, I 
determined to repeat the experiments, and the analysis, on that 
portion which remained of the identical substance examined by 
Mr. WEzpGwoop, and which from that period had been reserved 
dy Sir Josten Banks, who kindly favoured me with it for this 


* 
els Iysis of the Sydneia, No. 2. 


This substance, as has already been mne consists 5 
a white transparent quartzose sand, a soft opaque white earth, 
some particles of white mica, and a quantity of dark 29 | 
particles, which have a metallic lustre. 
The Sydneia, No. a, appears chiefly to differ hong No. 1, by 
being more arenaceous, and by a larger proportion of the dark 
grey particles. Many experiments, similar to those made on 
No. 1, already described, were made on this substance, with 
pure concentrated muriatic acid; but, as none of these afforded 
any appearance of a precipitate by the means of water, I do not 
think it necessary to enter into a circumstantial account of them, 
and shall proceed therefore to the analysis. 

A. 100 grains were exposed to a red heat, in a glass retort, 
and, after half an hour, were found to have lost in weight 2.20 
B. The y. 80 grains which remained were mixed with 300 
grains of dry carbonate of potash, and the mixture was exposed 
to a strong red heat, in a crucible of silver, during three hours. 
a When cold, the mass was softened with water, * put 
into a glass matrass. I then added three ounces of pure con- 
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cipitated; after which, ammoniac precipitated a loose white 
earth, which, edulcorated and made red-hot, weighed 7.20 grains. 
The iron — 0 n — therefore be . 


| * * 
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whole being poured on a filter, the residuum was edulcorated, 


1 and made red-hot; it then weighed 85.50 grains. 
C. The filtrated solution was evaporated to one fourth, and 


pure ammoniac being added, a precipitate was formed, — 


after a red heat, weighed 10.70 grains. 
* One ounce of muriatic acid was poured on the 10.70 


akin; in a matrass, which was then heated. The whole of 


the 10.70 grains was dissolved, excepting a small Wo of 


VO . which _ 0. 90 — 


1 n — ds 
tilled water, which did not however prod 
then gradually added a solution of pure crystallized prussiate of 


ace any change. I 


potash, and heated the liquor till the whole of the iron was pre- 


F. The 7.20 grains of the white earth were ents 


f sulphuric acid, and, after the excess of acid had been expelled 
by heat, boiling water was poured on the saline residuum. 
The solution was then gradually evaporated, with the addition 


of a small portion of lixivium of potash, and afforded crystals 


of alum, without a trace of any other substance. 


SG. I now proceeded to examine the 85.50 grains of B. 


These appeared to consist of siliceous earth, or fine particles of 


quartz, —B— 
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Aa. ao: 
species of plumbago or graphite. Professor BLUMENBACH, on 
the contrary, regards them as molybdzna : and Mr. KLAPROTH 
believes them to be eisenglimmer or micaceous iron ore. 

When rubbed between the fingers, they leave a dark grey 
Stain, and the feel is unctuous, like that of plumbago, or mo- 
lybdæna: the traces which they make on paper also resemble 
eee eee but the lustre of the 
particles approaches nearer to that of molybdæena. 


In order therefore to determine whether or not they consisted 5 


| totally or partially of molybdæna, I put. the 85.50 grains into 
a small glass retort, and added two ounces of concentrated ni- 


tric acid. The retort was then placed in a sand heat, and the 


distillation was continued, till the matter remained dry. The 
acid was then poured back into the retort, and distilled as be- 
fore; but I did not observe that the grey particles had suffered 
any change, nor were nitrous fumes * as when mo- 
| lybdena is thus treated. | 


To be more certain, — 1 3 pure ammoniac on 


the residuum; and, having decanted it into a matrass, I eva- 


— porated it to dryness, without perceiving any vestige of oxide 


of molybdæna, or indeed of any other Substance. a 
lt was evident therefore that molybdæna was not present; 
and, as the general external characters and properties corre- 
sponded with those of plumbago, I was inclined to believe that 
these were particles of that substance, and not micaceous iron, 
_ as Mr. KLapRoTH imagined. To determine this, the following 
experiment was made. 6 a 
H. 200 grains of pure nitre in 8 were min with the 
85.50 grains, and the mixture was gradually projected into a 
R 2 
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2 it became gelatinous: it was then emptied on a 


COP D 
N — 8 4 


crucible, made strongly red-hot. A feeble 


place at each projection; and, aſter « quare of an hour ha | 
elapsed, the crucible was removed. 


When cold, — dnbi_, wither any ap- 
pearance of the dark grey particles. Boiling water was poured 


on it, and the whole being put into a matrass, one ounce of 


muriatic acid was added, and digested with it in a sand heat. 


ter, and. being well * * and — 
— 25 grains. 


The appear enen e an a 


the touch. When melted with two parts of soda, a colourless 
glass was formed; and, with four parts of the same, it was so- 
luble in water, and produced liquor Silicum ; it was therefore 
 purs cilicoous edrth. 0 | 


I. The filtrated liquor was n with ammoniac, —_ 


upon being heated, a few brownish flocculi were precipitated, 


which, when collected and dried, weighed 0.40 grain. This pre- 


_ cipitate was dissolved in muriatic acid, and was again precipi- 


tated by prussiate of potash, in the state of Prussian blue. 
The liquor from which the flocculi of iron had been separated 


was then examined, by adding carbonate of potash, and lastly, 


by being evaporated to dryness ; but it no longer afforded any 


_ earthy or metallic substance: so that, by the process of detona- 


tion with nitre, the 85.50 grains afforded 75.25 grains of pure 
siliceous earth, with 0.40 grain of iron; and, as the dark grey 


substance was destroyed, excepting the 0.40 grain of iron above- 
mentioned, and as 9.8; grains of the original weight of 85.50 
grains were dissipated, there can be no doubt but that this sub- 


Stance, amounting to 10.25 grains, was carburet of iron or 
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Is plumbago; especially as some experiments which 1 purposely 


made, on that from r — 


with similar results. 


It is also evident, that en eise 
glimmer or micaceous iron, as nitre has little or no effect In 
that substance, when projected into a heated crucible. 
, | In a subsequent experiment on the same, the crucible was 
remove immediately after the last projection, and I then ob- 
served that an effervescence, with a disengagement of carbonic 
acid, took place, upon the addition of the muriatic acid, as is 
usual when pure plumbago is decomposed by nitre, and that 
Ihe cause of this difference was evidently the duration of 
the red heat; for, in the first instance; the alkali developed by 
the decomposition of the nitre had time to unite with the sili- 
ceous earth, so as, when dissolved, to form liquor silicum ; but, 
in the second experiment, a portion of alkali remained com- 
bined with the carbonic acid, produced by — carbon We 
decomposed plumbago. 
The _—_ of 100 1 12 75 by this analyis was, 
grains, 
FR 12 0.90 
IK 76-96. . 
| Alumine TT OI. oc... 7:20 ? 
Oxide of i iron - - . aw. 
Graphite or plumbago e 
A 2.20 


98.40 
Mr. Wepowoop - says, that sulphuric acid cannot dissolve 


the precipitated earth, and has but little effect on the mixed 


Frag Silica 
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substance, even when distilled to dryness; but, from the pre- 
'ceding experiments, I had reason to believe that the aluminous 
earth and iron would be separated by reiterated distillation; ;1 
r ern TO nee. T 


Second Hnolysis. of the Sydneia, No. 2. 


A. 100 grains of the earth were put into a glaas retort, upon 
which. 400 grains of pure concentrated sulphuric acid were 
poured. The retort was placed in a small reverberatory, and 
the fire was continued till a dry mass remained. 400 grains 
of the acid were again poured in, and distilled as before. Upon 
the dry mass, boiling water was poured, and the whole was 
then emptied on a filter, and edulcorated. The residuum, after 
a red heat, weighed 87.73 grains, and consisted of siliceous 
mne 
B. The filtrated solution, by — afforded a precipi- 
006; which weighed 9.50 grains; and, being examined, as in the 
former experiment, yielded 6.5 grains of alumine wane "on 
of oxide of iron. 
The plumbago was a from the Siliceous matter, in 
the manner already described, and amounted G 10 _—_ 
"PA this analysis I obtained, 


: Z E 


Silica and mica. 2. eee 
Alumine T 
JS be ona 9A 
Plumbago - - . 10 


97. 25 
It appears — that the Sydneian earth, when treated 


wo —— acid, is 2 of being for the ome part 


cepting that the feldt spar is not in a state of decomposition: 
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 decontijoand; and Mr. Wroewoon probably ad not succeed, 
because bis process was in some respect different, or that the 
distillation was not sufficiently repeated. 
| T have not thought it necessary to be more circumstantial-in 
the account of this second n as the nes were si- 
r Sufis Sift Io vie 


These mio prove, hes the 3 8 0 — called 
| Sydneia or terra australis, consists of siliceous earth, On 
oxide of iron, and black lead or graphite. | - 

The presence of the latter 3 1 it 
probably was mixed with the other substances at the time when 
they were transported, and deposited, by means of water; for 
this appears evidently to have been the case, from the n 
characters of this mixed earthy substancdmme. 
The quartz and mica, which are so visible, indicate a 8 

origin; and the soft white earth has probably been formed by 5 
a decomposition of feldt spar, such as is to de seen in many 
places, and particularly at St. Stephen's, in Cornwall. The gra- 
nitic sand which covers the borders of the Mer de Glace, at Cha- 
mouni, in Savoy, also much resembles the terra australis, ex- 


in short, the general aspect, and the analysis, concur to prove, 
that the Sydneia hes dam formed ran and d de- 
composition of granite, or gnetss. | : 
Mr. Wepewoop's experiments are 80 e that 
had I only examined the earth last brought to England, I should 
have supposed, with Mr. Nicholson, that I had operated on a 
different substance; but, as I had an opportunity to examine, 
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by analysis, portion of the same earth on which Mr. Wepo- 
woop made his ts, and as I received it from Sir 
Josxrn Banks, the same gentleman who had furnished Mr. 
Wzepowoop with it, no * can be entertained about its 
3 eee ee 
prove that some of the finer earthy particles remained suspended 
in the concentrated muriatic acid, and were precipitated when 
the acid was diluted with water, appear in some measure to ac- 
a a primitive earth, before unknown, was present; but this alone 
will not account for 1 —_—— —_ by 
Mr. WEepewoop, such as, 
ist. The repeated and exclusive colubiity in the muriatic 
acid, and subsequent precipitation by water. 
 2dly. The butyraceous mass which was formed by evapo- 
ration. pl 
And, gdly. The degree of fusibility of the * . 
These indeed I can by no means explain, but by supposing 
that the acids used by Mr. WEzpGwoop were impure. This 
supposition appears to be corroborated by a passage in Mr. 
WEpGwood's paper, where he says, here the Prussian lixi- 
« vium, in whatever quantity it was added, occasioned * pre- 
« cipitation at all, (only the usual bluishness arising from the 
iron always found in the common acids.) Now if (as it 
— from this expression) Mr. WEpewoop employed the 
acids of the shops, without having previously exa- 
mined and purified them, all certainty of analysis must fall, 
as the im purity of such acids is well known to every practical 


„Philosophical Transactions, Vol. LXXX, Part II. p. 313+ 


N — * 4 8 

us Kd * As, 8 * — = * 

= 4 FIT a TY 9 74 "= 2 * * * Lad — -w * ; * N F 

o 8 wad * * 8 « T 8 
8 "WT \ S150" > © — 2 9 7 R 7 Ne mu 15 
n | * 2 1 3 2 4 * LD hy + * x a TR” „ * * R 405 hw * 
Y , q { 
5 


due me , 
this was the cause, or not, of the effects 3 8 8 
Mr. Wrncwoob, I do not hesitate to assert, that 
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vn. Abstract af a | Regizter. of the 8 4 
x and Rain, at Lyndon, in Rutland, for the Year 1796. By 
Thomas Barker, * W * Mr. nen 1 
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| remarkably so. The harvest, though threatening at first, was 


— a remartabiy open e nes 
quite warm and pleasant, and several times thunder: - It was 
and beginning of February were wet, yet still open and mild, 
and more dry after ward; but colder, and inelined to frost, the - 
end of February, and in March, the middle of which was again 

mild and fine, and not windy, but frosty toward the end. The 

last days of March, and beginning of April, were dry and 
pleasant; a good seed time, and calm; but rain was wanted 
toward the end, which came plentifully the end of April, and 
beginning of May. The season in general cool, and the latter 
half more dry; too much so in the south of England, for grass 


and hay were scarce there; but, in this country, both grass and 


corn came on well, and continued to do so all June, which was 
of a moderate heat, with a mixture of wet and dry; frequent 
but moderate winds, and calm at the end. There was plenty 
ol hay this year; but, through a very wet and windy July, a 
good deal of it was not well got. The crops of grain were al- 
most all good, and the moist July made the beans and pease 


in general very well got; the weather being chiefly fair, and 
rather hot, with somè rain at times, kept the grass in a grow 
ing state, of which there was plenty left upon the ground 
against winter. 
The autumn was in a very fine and pleasant; for the 
most part fair, with few frosty mornings, till near the end of 
November; when a severer season began, and continued very 
hard frost the first third of December; then an imperfect break 
for some days, but not so as to take the frost all away. It re- 
turned again as hard as before, and continued another third 
S2 
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er was down below o, at 43 or 8;-but I 
to look at-it just at that time, so that I never 


saw it so low as 14. 
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vn. zi Account of ome Endexvours to axerain Standard of 


Burt. F.R.8.ad 4.8. 


Read ray. 22, 1798. 


& 1. 


| 61 thoughts to the sIdera- 
tion of an invariable and imperishable standard of weight and 


sirable, and likely to become extremely beneficial to the public, 
I had, so early as the year 1780, taken up the idea of an uni- 
versal measure, from whence all the rest might be derived, by 
means of a pendulum with a moveable centre of suspension, 
capable of such adjustments, as to be made to vibrate any num- 
ber of times in a given interval; and, by comparison of the 
| difference of the vibrations with the difference of the lengths of 
the pendulum, (which difference alone might be the standard 
measure, ) to its positive length, if that should be 
thought preferable, under any given circumstances; by which 
means, all the difficulties arising in determining the actual 
centre of motion and of oscillation, which have hitherto 80 
much embarrassed these experiments, would be gotten over. 
(. 2.) I made several computations of the probable accuracy 
that might be expected from such an experiment, and was sa- 
tisfied with their result. But, not seeing clearly how such a 
pendulum could be connected to a piece of mechanism, to 


measure, as being a thing, in a philosophical view, highly 1 
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number the vibrations without affecting them, I dropped the 
idea for that time. I learnt, however, some time afterwards, 
that Mr. Jon WHITEHURST, a very ingenious person, had been 
in pursuit of the same object with hetter success, and had con- 
trived a machine fully corresponding to his expectations and 
my wishes. This he afterwards explained to the world, in a 
pamphlet, entitled, An Attempt to obtain Measures of Length, 
« &c. from the Mensuration of Time, or the true Length of 
« Pendulums;” published in 1787. Mr. Wnirrnunsr having 
therein done all that related to the standard measure of length, 
and suggested that of weight, rn 
* to verify and complete his experiments. | 
(. g-) For this purpose, by the kind „ 
Dr. G. Fox Dyck, who, at Mr. Wir ERUnsr's death, had pur 
chased his apparatus, I was furnished with the very machine 
with which Mr. Wmrrnunsr had made his observations. I 
also procured to be made, by Mr. TxoucurTox, a very excellent 
| beam-compass or divided scale, furnished with microscopes and 
micrometer, for the most exact observations of longitudinal mea- 
sure: as also à very nice beam or hydrostatic balance, sensible 


with the +4; of a grain, when loaded with 6 lb. Troy at each 


end. Mr. Anxol p made me one of his admirable time-keepers; 
in order to carry time from my sidereal regulator in my obser- 
vatory, with which it was adjusted, to the room wherein I had 
fixed Mr. WaiTenvussT's pendulum; and who, having taken a 
journey from London into Warwickshire, was so good as to 
assist in the beginning of these experiments. Thus equipped, 
I went to work in the latter end of August, 1796, when the 
temperature was about 60⁵, first to examine the length of the 
pendulum ; when, to my great mortification, I found that the 
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thin wire, of which the rod consisted, was too weak to support 
the ball in a state of vibration; and that, after 15 or 20 hours 
action, it repeatedly broke. The same misfortune attended my 

trials with three other different sorts of wires that I had obtained 
in the old wire, or from want of due temper in the new, or 
from its being too much pinched between the cheeks,* I cannot 
tell: I can only observe, that all the wires that I used were con- 
siderably heavier, and therefore probably stronger, than what 
Mr. WarTenuRsT mentions, viz. g grains in weight for 80 inches 
in length; nay, mine proceeded as far as from 5 to 6 grains for 
aa ee leere fKewiiypertthe ball during 
the whole period of my experiment. This being the case, and 
being in the country, far removed from the manufactory of this 
fine wire, I was reluctantly compelled to relinquish this part of 
the operation to some more favourable opportunity. In the 
mean while, however, I thought it desirable to measure the dif- 
ference of the lengths of Mr. WIITEHURSs T's pendulum from 
his own observations; for, very fortunately, the marks that he 
had made on the brass vertical ruler of his machine were still 4 
visible; and this interval, which he calls « 59,892 inches,” 1 
determined, on my divided scale made by Tnouenrox, from 
Mr. Biry's standard, to be = 59,89358 inches, from a mean of 
four different trials in the temperature of "uk that mean differ- 
ing from the extremes only , ooog inch. | 
(. 4) By this examination, if I have not verified, I have 
at least preserved, Mr. WuTtenvssT's standard; and, for the 
present, I shall consider this measure of the difference of the 
length of the two pendulums, vibrating 42 and 84 times in a 


* G C, fig. 1. of Plate II. in Mr. WHIiTEHURST 's pawphlet. 
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minute of mean time, as correct. On this prexumption, I shal 
ͤ— ayramproyaate Frm. -n | 


Ts) From: the oplnide"of — — -peracns, with 
whom I have conferred, as well as from the result of my own 
considerations, I am inclined to believe there is hardly any body 
— which wo ee —„—-tꝝ — ——4 

o mogeneous a quality as pure distilled water, or so 
——— and I have concluded, that 


———— pas 
ee ham cue nd 
— ga. 
* 9H 


(F6.) With this view, I directed Mr. Taoveuros to make, 


in addition to the very sensible hydrostatic balance before men- 


tioned, a solid cube of brass, whose sides were 5; inches; and 
| also a cylinder of the same metal, 4 inches in diameter, and 6 
high. From St. Thomas's hospital, by the favour of Dr. Fon- 


DYCE, I procured g gallons of distilled water. With these 1 
made the following observations; but, before I relate the ex- 
periments, I will describe the apparatus. 


Mr. WartrenussT's machine for measuring the 5 


Was been sufficiently explained in his pamphlet mentioned 


above; my . aca, which was a 2 was. 


as follows, 


© Ido not here mean to infer any opinion respecting the compressibility of water 3 


dut only to say, that where water, or any thing else, is weighed in air, the density of 


to make allowances for it, if necessary. 


scale, could be 


that medium, — — —— must de known, in order 
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( 7.) Description of the Beam Compass, or divided Scale of 
| equal Parts. 
a b, (Tab. V. fig. 1.) is a block or beam of mahogany, 
6 feet g inches long, 6 inches deep, and 5 wide, upon which 
are laid two brass rulers, cd e, and fg, each divided into 
60 inches, and tenths. The former of these, called the Scale, 
is, for a time, kept immoveable by the finger-screws c e d, and 
is furnished with very fine hair-line divisions, intended to be 
5 viewed only by the microscopes b, i: the latter, called the 
Beam, has no motion but by means of the screw g, and bears 
stronger divisions upon it, with which the sliding pieces or in- 
dexes, at & and m, may readily be compared by the naked eye, 
and is intended only to set the microscopes, or rather the wires, | 
in their focus, to the required distance nearly, viz. to within 788 
or 858 of an inch. The microscopes are compound, and similar 
to those described by the late General Roy, in his account of 
his large theodolite. (See Phil. Trans. Vol. LXXX.) The one 
at b, contains only cross wires fixed in its focus; the other at 
i, has a micrometer also, by means of which its cross wires 
may be moved to the right or left, over the image of the divi- 
Slons of the scale, any given space, not exceeding 26 inch; 
and the quantity so moved may be measured by the 4 


on the screw head, passing under the index at o. The divisions 


on these rules have been called inches and tenths: it was not 
necessary that they should be more than equal parts; but they 
were in fact laid down by Mr. TxoucaToNn, from a scale of the 
late excellent artist Mr. J. BIRD, who had divided into inches 
several scales of different lengths; one of which, 42 inches 
long, belonged to the late General Roy; a second, of 3 feet, 
was purchased by ALEXANDER AUBERT, Esq. and a third, of 
upccxcviII. T 


0 „ Cre N 8 as a. of 5.4 * . * 0 =» 
* a i y . . N , "Iwo 


— 
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go inches, which is now the property of the Royal Society, is 
kept in their archives, and is said to have been used by Mr. 
Bin, in dividing his large mural quadrants.* Besides these, he 
made two standards of three feet, by order of the House of 
Commons, of which I shall speak more hereafter. The mode 
of using this instrument is as follows. 

(F- 8.) Let the object to be measured be supposed to be 
about six inches, and let it be desired to compare it with the 
interval between the 2oth and the 26th division on the scale c d- 


move by hand the microscope b, with its sliding plate, until the 
division of the index at & coincide with the division of 20 inches 


on the rule fg; then move by hand also the microscope i, with 
its sliding plate and appendage I mn o, until the index division 
near m coineide with 26 inches on fg: the axes of the micro- 
scopes, or centres of their cross wires, will be at the approximate 

distance of 6 inches. To correct this, examine if the wires of 


b correspond with a division on cd; if not, move the rule g 
backward or forward, by the screw g, till they do, then will 
the microscope þ be adjusted. Now examine if the wires in i 
cover exactly a division; if they do so, the true interval of 6 
inches between the microscopes is obtained; if not, move 
the microscope i a little, by means of the screw [, till they do, 
and both the microscopes will be adjusted: then remove the 
rule ee d from its place, by taking out the screws c ed, and 
place the object to be measured in its room, at the same time 
taking care that it be exactly in the focus of the object glass of 


the microscope, in such manner that one extremity may cor- 
respond with the wires in the microseope h; that done, if the 
other extremity coincide with the wires in i, the dimension 
of the object is exactly 6 inches; if not, restore the coincidence,, 


A farther account of these scales is given in the Appendix. 
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by turning the micrometer screw 7, and the divisions at o will 
give the difference, in 100oths and 10, oooths of an inch, + or 
Es inches. 


(L. 9.) Description of the Hydrotatic le 


ab cd, (Tab. VI.) is a box, which contains the whole ap- 
paratus when not in use, and when used serves as a foot to 
the hollow brass pillar e f g b, which is fixed into it by the four 
screws at the bottom e and f. This pillar contains another 
within it, which is raised up and down about +; inch, by 
means of the screw z. n0 is the beam, 27 inches long, and 
3.9 inches wide in its greatest diameter; each arm of which is 
made hollow and conical, for strength and li ghtness : through 
the centre, at mn, passes the axis of motion, the ends of which, 
when used, are suffered to fall gently upon two crystal planes, 
which are set horizontally by means of the spirit levels E, I, and 
the screws underneath the box, at c and b. The ends of this 
axis are of hardened steel, of a wedge-like shape, and reduced 
to a fine edge, viz. to an angle of about 4o*, so as to move 
upon the planes with very little friction, and at the same time 
so hard as (with due care in using) to be in no danger of be- 
ing blunted : to prevent which, the inner pillar has a motion 
upwards, as has been said, by the screw x, and, by means of 
a Semicircular arm at its upper extremity, lifts the beam off its 
| bearings, when it is not used, or is greatly loaded. This axis 
1s placed carefully at right angles to the beam; and, by means 
of two small brass springs that press gently at the ends, is 
brought always to have the same bearing upon the crystal; s0 
that no error need be feared from a small deviation from the 
ne . of the axis to the beam, should any such 
1-2 - 
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exist; and, from its shape and quality, it may be considered as in- 
flexible in any ordinary experiments. At p is a small adjusting 
screw, which raises or depresses a weight within, and with it, 
in consequence, the centre of gravity of the whole beam; by 


this means; the motion on its centre may be brought to almost 


any required degree of sensibility. Should the centre of gra- 


vity be raised above the centre of motion, the beam would turn 


over; if it be in that centre, the beam would stand any where 
indifferently, without any vibration; if it be placed much below 
it, the vibration would be too quick, and its sensibility not suffi- 
cient: it is therefore brought, by the screw p, a very small quan- 


tity below the. centre of motion, so as to describe one vibration 


in 40 or zo seconds; the sensibility is then fully sufficient. 


At each end of the beam are circular boxes, n and o, through 
which pass the steel centres, from whence are suspended the 
scale- pans q and 7: these centres resemble, in some degree, 
those at m, but have their chamfered or angular edges upwards, 


and thereon hang the hooks G, to which are affixed the links a, 


and to them the three silken lines of the scale. Each of these 


centres has a motion in its respective box, by means of two 


small adjusting screws; that in o laterally, and that in u ver- 


tically; the former to make the two arms of the beam of an 
equal length, the latter to bring the three points of suspension 
of the beam and scales into a right line. At the extremity of 


the boxes are fixed two needle points or indexes, which play 


against the ivory scale of divisions at s and t. These divisions, 


although they do not, indeed they cannot, shew any definite 


weight, are nevertheless very useful in making the adjustments, 
and even in weighing to the small fractions of a grain. 1 v are 
tw-o steady plates, that are raised or depressed by the wooden nut 


-- 
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zw, to check the vibrations of the scales q and r, and brin g them 
more speedily to an equilibrium. yz is a table, whereon the 
whole is placed, to raise it to a height convenient for experiments. 
To use with this beam, I had three sets of weights made, viz. - 
The ist set or series of 15 weights, rising in a duplicate pro- 
gression from 1 to 16384 grains, viz. 


No. | _ Grains. 
1 — „ 
48 = 8 
5 — - 16 | 
-Oan' - af 
7 = - 04 
8=— — 128 
9 256 
20 = - SY 
11 =- - - 1084 
12 = - 2046 
19 4096 
14 = - 8192 
138 16384 


The 2d series of weights, in an arithmetical order, as follow, viz. 


EE * Sen | Decimal Fractions of a Grain, via. 
Grams Grains. Grams. _ 100th Grain. | Tenths. 
' 1 | 10 | 100 | 1000 ,01 ,10 
'2 | 20 | 200 | 2000|| ,02 ,20 
SID. ji. #208 30 
440 400 4000 ,04 | 40 
%%% ²˙ A of 50 
6 60 600 6000 „06 60 
// ²˙ oo 0 
8 | 8 | 800 | 8000|| ,08 80 
9 | 90 Es — „09 „90 
| 199 v. B. The fractions of a grain are 
20,000 made of fine wire flatt 
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1 ounce 
The gd set consists | * auen r 
| of a weight of 14 Pg 
3 Þ 8 ounces | 
{ 1 pound 


($- 10.) abcd and abe d, | (Tab. VII. fig. 1.) is the brass 


cube of 5 inches that has been mentioned, suspended in its | 


own scale, by means of four fine wires, from the arm o of the 


beam, Tab. VI. by taking away the common scale a r. The cube 


rests upon a cradle or cross, three arms of which are seen at g hi, 


and by this means may be weighed either in air or water, by | 
immersion into the large glass vessel g 5, Tab. VII. fig. g. 


At fig. 2. is seen the cylinder a bed and a be d, four inches in 


diameter, and five high, slung in another cradle, part of which 


is seen at gh h i, supported by four wires from the point f. 
In fig. g. is seen a sphere of brass d, 6 inches in diameter, 


Slung in a cradle a bc, by three wires“ from the links f, sus- 
pended in a glass jar, containing near four gallons of water, 


whose 3 is chevn ny a thermometer at e. 


* These wires were of such a size that 91 inches weighed 20,71 grains, con- 
sequently 1 inch = , 2276 grain, and the three wires o, 6828 grain; and their 
specific gravity being 8,7, their loss of weight, by Sinking 1 inch in water, would be 
= 00,0785 grain. This correction it may be necessary hereafter to attend to. 

1 The glass 3 jar is made somewhat conical, bein g in 


| inches. 
Diameter at top 35 - - 3,0 
Ditto at botrom = - - 8,7 
Mean ditto RE - 10,35 
Mean height within  =—- - 11,8 
Contents in cubic inches - 2 992,78 


Which is in ale gallons «© - = 3,8 = 155 quarts. 
It may also be noted, that 1 inch in depth of the water near the top is = 113 cubic 
inches, which is equal to the exact bulk of the sphere, as will be seen hereafter. 
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(F. 11.) It was necessary to measure the exact size, and cor- 
rectness of figure, of this sphere. For this purpose was made a 
wooden gauge or frame abede, (Tab. V. fig. 2.) in which the sphere 
was placed, upon semicircular pieces within, lined with green 
cloth to prevent bruising it: upon this frame was placed a brass 
square & | m n, whose sides were about 158 inch in length more 
than the diameter of the sphere. This square, by raising or 
lowering the screws ors, was easily made to coincide with a 
plane passing through the centre of the sphere. þ is a micro- 
meter screw, the interior extremity of which is brought just to 
touch the surface of the sphere, while the opposite side bears 
gently against the interior side of the frame at o; and, by turn- 
ing the sphere round, so as to present different diameters to 
these points of contact, any variety in the diameter may be 
seen by the index I, and plate q, divided into 10, oooths inch. 
To render this operation more convenient, three great circles 
were drawn with a pencil upon the sphere, at go" distance from 
each other, (the two former were traced by the artist in the 
lathe, while the sphere was making, and the third was drawn 

from them, ) and each was divided into 8 equal parts. The im- 
mediate result of these experiments would only give the diffe- 
rences, and not the absolute quantity, of the diameter; for this 
purpose, a brass ruler r, fig. 3. was made, of such a length 
as just to go within the brass frame k Im n ; and, being sub- 
stituted in the place of the sphere, could easily be compared 
with any given diameter, and afterwards measured with the 
divided scale, fig. 1. With these instruments I made the fol- 


lowing observations, August 31, , 1796, the thermometer being 
at 615. | 8 
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($- * Examination of the W of the Brass Cube, y | 
Means of the divided Scale. 
The microscope and micrometer being both adjusted, as well 
with respect to their focus,* as to the value of the micrometer 
scale, the cross wires in their focus were removed to a distance 
from each other of five inches nearly on the beam, (the former 
being at 27, and the latter at ga, inches,) and then correctly ad- 
justed to this interval on the divided scale. I must observe, 
indeed, that the value of the micrometer scale was not exactly 
ten revolutions of the screw to +; inch, as Mr. Tnouenrox 
designed; but this measure by the screw,+ from 6 trials, was 
deficient by — o, oooa inch; viz. two ten-thousandths of an 
inch were to be added to each tenth of an inch measured by 
the micrometer, and so in proportion for a less quantity; but 
| this correction is hardly worth notice. 
On the ele. | 


The interval of the cross wires in the 175 inch. inches. 
127 and 32 = 5,0000 

microscope and micrometer = 

Interval of ditto, on another part of the 

scale, viz. 8 

Ditto, ditto - 23 and 30 = 3,0001 + 


6 and 31 6, 0000 — 


* The focal length of the object lens is pe 
The distance of the cross wires from the object lens 2,00 
The focal length of the combined eye glass — 1,50 
Whence the magnifying power of the microscope becomes = 14,2 times. 


+ One Revolution of the screw of the micrometer wass 

Each grand division, of which there were ten 
These again subdivided into five, each became - 
And half a division, which is very visible, is 


un unn m un? 
7 
5 
of 
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I therefore say, this interval was 3; inches correctly, to within f 
less than the twenty thousandth part of an inch, on this scale. 


| Measurement of the Cube, viz. of the Side 1. (See the Figur e.) 


5 b: 
Þ 3 Side 2 | 
WA 
" Jncked. 1 rr Mean. 
From a to b=5 —,0114 therefore = 4,98 | hes 
atoc=5—,015 - - = 4,9885 
c to d = - ,ios 2 49898 
5 to d 5 O 48887 
The Side . 


From 4 to ö 35 , 0106 - = 4,9894] 
a toc=45 — ,oog8 - = 4-9992 ( agag= 
c to d 25 —,o0102 = = === 490999 
b to d = =5 — - Ol 16- - 8 2 


| de | 
Palin 6 To nn FS — 


5 to b 5 , o15 = 
c to c 25 — , 017 = 
d to d = 5 — „0108 = 


* Tt cannot escape notice, that all these measures were something less than 5 inches, 
the quantity proposed: it arose from this, Mr. Txovonk ron informs me, he was more 
MDCCXCV1II, U 


. 
a. 4.4 * n as — F 
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| (F- 13.) Now the three foregoing mean measures of the side 
of the cube, multiplied into each other, will give = 124,18917 
_ Cubic inches, for the contents of the brass cube; which must be 
very near the truth; for, if not, let us suppose the error, in ta- 
king each of these measurements, to be half a thousandth of an 
inch, which is much greater than is probable, viz. = — part 
of the side of the cube; and let us suppose each of these errors 
to lie the same way, which is also very improbable; in that 
case, the error in determining the solid content would be only 
— of the whole; in the above instance, about o, og cubic inch; 


bu, more probably, the error does not amount to half this | 
Y quantity. | 


2 


6 14. ) Examination of the CHlinder. 


The micrometer and microscope of the divided scale (Tab. V. 
fig. 1.) being removed till their cross wires were four inches 

distant, viz. from 34 inches to 38 inches, and the thermo- 
meter at 62", I observed, of the end or base of the cylinder, 
No. 1. 


solicitous to obtain a true figure, than the exact size; neither of which however were 
very important, as both were to be proved by the mode I have adopted. What was 
important, was to have the sides true planes; and these were examined, as I am in- 
formed, by the reflected image of the moon, seen through a large telescope, the focus 
of which would be altered, if the surface were either hollow or convex. 
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Inches. Inches. 8 
The diameter a b = 4 — ,0027 = $60) Inches. 


cd = 0 — ,0024 = 3-9970 


End 9. of the Cylinder. 
- Inches. Inches. 
The diameter a b = 4 — ,0014 = g, 9986 


cd=4— Wn = 3,9971 


| Height of the Cylinder. 


The microscope and micrometer being placed respectively 
at 52,1 inches and 58, 1 inches, viz. at the interval of exactly 6 


inches on the scale, I found 

„ a © "Tn 

The height from a to a = 6 — ,0049 = "6 
bto b=6— 0047 = = 5:9958 1 
1 „ 7” wet 


|= 50978 


Now the mean Sameter of the cyllnder addi been found En Eos | | 

at the end 1 =399745 = FE li 

5 at the end 2 = , 99785 n 5 | I 

St The factor for the square of the „„ | | 
diameter of a circle, to find the >= = 0,7854 „„ ny 
area, being, as is well known, | 
And the height of the cylinder = 5,9950 3 1 
The above four quantities, multiplied into each other, give wy „ N | 
for the contents of this cylinder, in inches, = 74,94823; and ib 
this result may be taken at least as correct as that of the cube, — } 

_ viz. to about the third place of decimals. W | 
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(F. 15.) Having adjusted the beam of the balance, (Tab. VI.) 
with respect to the length of its arms, its centre of gravity, and 
the three points of suspension of the beam and scales, and 
having examined the weights, I proceeded to the remaining 
parts of this experiment. 
Sept. 2d, 1796. The balance beam adjusted by the screw p, 
till the vibrations were so slow as to require more than zo se- 
conds of time for each, 188 grain appeared to move the index 
through three divisions “ of the scale s and t,. = inch, when 
the beam was not loaded; but, when the beam was loaded 
with 16384 grains, or near glb. Troy, 168 * was equal 
only to o division of the same scale. 
(F. 16.) Sept. 4th. The thermometer being at 63 A and the 
| barometer at 29,36 inches. 
The weight of the counterpoise to the] 


„ we wel 
"on or scale for weighing the cube 48 75,02 = 555,02 
in air, was = 5 35 | 


* 20 4 are = 1,0 lack. 
+ That is, the beam was aide with ras2585 part of the whole weight. Mr. 
Harris's beam, with which he and Mr. Biz Dd made their observations on the Ex- 
chequer weights, turned with :;2;575 part of the whole weight, and was consequenrtly 
only 3 part so sensible as this. See © The Report of the Committee of the House of 
Commons in 1758, to inquire into the original Standards of Weights and Measures 
* in this Kingdom, and to consider the Laws relating thereto.” See also a second 
Report in 1759; both of which contain a vast deal of useful information on this sub- 
ject, extending through fifty folio pages, and are to be found in the 2d volume of 
Reports, from 1737 to 1767. A bill was brought in, in consequence, but afterwards 
dropped; and it is much to be lamented, that this inquiry did not go to the full length 
of an act of parliament. Note farther, the largest of the beams, of which there are 
four of different sizes, now made use of in the dutchy court of Lancaster, for the 
actual sizing of the weights of the kingdom, is about 3 feet long, and is moveable 
with about 30 grains, when ey avoirdupols are in each scale, viz. about 5; part 
of the whole. | 
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 Towhich, add the weight of the common) 
pan with the silk lines, on the left arm 
of the beam, and marked with x, the F 413,0 
common right-hand pan having been | 
removed — — — — 
And the whole weight of the pan or ap- 
paratus for 2 the cube in air, 
r 5 
(F. 17.) The 0. pan or} _ "PO 
scale for weighing the GE in air, =1 72, 34 = 552, 34 
was found. = = = = 
To which, add the weight of the — 


5 = 968,42 


mon pan on the left arm, as before | e 
: And the whole weight of the pan or scale! i 
for weighing the * in air, be- - 2963,74 


CCC 5 
Note, in the — g and such like experiments, the com- 
mon right-hand scale being removed, and the left-hand scale 

being always used, and always the same weight, viz. 41 3-49 


8 grains, when either the cube, or cylinder, or any large body, is 


weighed, notice need only be taken of the counterpoise weights, 
_ viz. 555,02 grains, or 352, 34 grains, respectively; and these 
are to be deducted from the general amount of all the weights 
in the left-hand scale, marked x; but it certainly would have 
been more convenient to have had single weights, ready ad- 
justed, for these counter poises, both in air and in water. These, 
though at first omitted, have since been supplied. 
(F. 18.) The counterpoise to the scale for the cube,] e 
in distilled water, with the heat of 61? KO * 442575 
To this, add the weight of the common scale, as before = 413,49 
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And we have the whole 3 of the scale for = 8 | 
cube in water - ''- - <- = 515 
But the weight in air having already been found - = 968,40 
The difference of the weights — — - = 112,25 
Gives for the specific gravity of this bras = 8,6g 
($- 19.) The counterpoise to the scale for the My . 68 
der, in the same water, with the same heat 44 

To this, add the weight of the common scale, as before = 4 3-40 

And the whole weight of the scale for the 8 805 FE 


in water, becomes = = WP? of 
Its weight in air has already been found 1} = 965,74, 
The difference of these weights = = 110,66 
Gives for the specific gravity of this bras = 8,78 
The mean specific gravity of this brass and brass- ] 
wire may therefore be put at about 87 
VN. B. The tables of specific gravity give that of wrought 
brass from 8, oo to 8, 20. It was necessary to ascertain the 
specific gravity of the brass wire, to make the correction men- 
tioned in the note to F. 10.; for, as it was highly probable, that 
in experiments with this hydrostatic balance, the scales for the 
cube and cylinder would occasionally be immersed to different 
depths in the water, and their weights would be altered, as 
more or less of the wires by which . were 2 re- 
mained out of the water; 4 
1 accordingly found, that 80 inches in 0 of this 
wire, used in the scales for the cube and . 
weighed in air — — e 
And consequently, 1 inch would be = 0,077 grain, and four 
wires of 1 inch , 308 grain; which, divided by the specific 
gravity, viz. , would give 0,0354 grain, for the correction of 


% | 
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— chat the scale was zunk lower in the water; and 80 
in proportion. | 
(&. 20.) Experiment of the Cube of Brass weighed i in Air. 


The cube was suspended to the right arm of the beam, by 
the scale belonging to it, and the left scale pan, with the 
mark x, was hung at the other end of the beam, in which 
were placed the following WI, 1 made by E. TroucnToN. 


Viz. No. 15 of 16984 i 
14 8192 7 

13- 4096 
12 = 2048 
11 = 1024 


3 


Inch. 


| The total weight of =: 32 68485 a the barom. being at 29, 
the Cube | in air the therm. - at6s ,0 


5 21. ) Experiment of the Weight of the Cylinder i in Air. 


No. 15 of 16984, 


13 = 4096 
11 . 
But a counterpoise of $55,02" 
having been used, " | 27.57.87 
by mistake, in- = nn 4 268 


Stead of 552,34 


Add this excess = 7 
And the total weight of the cy- = 21, 8005 mW the barom. ats 25 
linder is = the therm. at62',0 


This acale 1 also 555,02 grains, being the weight or counterpoise to the 
scale for the cube. 
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Sept. 5. Put into the left scale, the counterpoise 


having been taken, by mistake, instead of 442.7 5 


Deduct the difference, which was zoleftout—4s,75 — 
The apparent weight of the cube in water = | 702,95 5 
Add the correction * for the loss of weight of the 4) — 


* 


(S. 22.) The Cube weighed in distilled Water. 


las 3 
for the water scale — . 3 


The cube, with its scale, was then immersed i in the water. 


I then restored the equilibrium, by putting into the 
opposite or left-hand common scale, Mr. TrouGn- | grains. 


ToN's weights, No. 10. = — == 512,00 
(The barom. Standing at 29,47 inches, | 5 — * 
5 . | . 1 


WW 
745,70 
= — 42,75 


grains. 
400 


But a counterpoise 1 — 


wires, by immersion 24 inches deeper than 
when the counterpoise was adjusted 5 


And the true corrected weight of the cube in water, 


ws 60® 2 of heat, becomes — A ehe 


». When the cube was immersed, the water in the glass jar stood 24 inches higher 


than when the counterpoise for this water-scale was adjusted, and found to be 442,75 


grains; (see 5. 18.) and 1 inch of alteration in the height of the water having appeared 


to be =0,0354 grain in weight, (5. 19.) 21 inches will be = 0,078 grain; and so much 


must be added, to correct for the loss of weight, in the four wires, that suspended the 


scale and cube in water. When the cube was immersed, the surface of the water 


stood 1,5 inch below the top of the * jar, and 9*7 inch below the centre of the 
beam, or index point. 


en the cube was in | the water, the beam was clearly sensible with x 15 of a grain. 


7 


f z 4 * — vat * * 44 1 
ccc lente 01004 1 D b οο = Aer r iff r 


Water. 10 
3. The thermometer bing u6 row 604 o 6572700 


723 7 y #7 0 Aft 'f 4 '1 37 FTI ©: - Bb F 5 * 


=» # + 


| _ 
the barometer 29,47 inches, 


The cylinder, with its water-scale, — La in water. 
I then restored the * by putting into the left —_ 


: 


Mr. TroUGuTON's weights, No. 12 5 


: * 
2 
A 
_— 1 
> 
Z ; 
F * 4 
5 f 1 
. 4 
= +. 2 
* 
, . 
* 
q % 
. 
* 
— — —— — > - — — — 4 — — ——— w · — ———— ꝗr-——— 
Us * 7 44 . 1 * N * " 
- a * * 939 * 
* s 
* — 
81 


Weight of the cylinder i in water 

Add the correction for the loss of weight of 
the four wires, by being 14 inch deeper 
immersed in the water, than when the 
counterpoise was adjusted 


Corrected weight of the cylinder in water "= 2549,13 
In order that this and some other corrections may be the more easily applied, 
I have computed the 3 following tables, to be used whenever great accuracy is 
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7 VID Gen ag 
water, in solidity, by the effect of heat: the former is derived from Mr. Susa To's 
experiments; (Phil.Trans. Vol. XI. VIII.) and the latter from some of my own, when 


| — 
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In zolidity. 


1 rt! Wenn 195 56 -. 
” 9 495 
2 ty as a. 4 

: df 
22 5 
JOS 25 F 1320 b 
TO, . 
Cf 1 — * 31 1 1650 [: 


Tablet. 8 
the Wires, or the Diminution of the 


re 


| Moron in a Water. 


* Bog 
Cylinder. . ES | 
Inches. | Grains. | Grains. © | 
8 7 v7) — 6,035 5 | —0078 | 
CY.O " — 0,071 | — 0,157 ' ; 
| 3_ | —006 | —oz35 | © 
| 4 | — 0,142 | —0$314 | 
5s 26077 | — 0,392 
—+ 6 — 0,212 | — 0,471 | 
I £ 4 || — 0,248 | —-0,549 f| 
( | 8 | — 0,283 | — Q, 28 
9 | —0,319 | — 0,706 | 
854 — 0,354 — 9,785 
3 — 0,70 _ | 


1 7 „ 1 nn. —_— w 4 , —_—_— . 


V . 80 inches in length, EDT: 


for the scales for the cube and cylin- > 6,16 
+... 2 will be 1077 grain, ? __ 
2 . the ek for Go e 
. and 3 3 wires ; of 5 

= 0,683 


1 inch — 


and the gpecific gravity of the wire i is = 8,7 


nns 


ni 37 


6 * 
111989 
: c 1 x 7. 2 


Table III. Shewing the Correction of the 


Weight of the 8 


phere in Air, on Account 


of Wah, 4 or Heat, of the Atmo- 
Sphere. 
2 Wee | Correction. | Therm. | C — 
ick. gs | Grain. % | / Grains. | 
8 | 29.5 | Q00- $0 |}. | - 0,00 
* 1 1 — * 1! 1 + 0,10 
1 —_= „23 1 2 | o,0 
FF 7 WM 4-24 IM 
55 1 0,70 
| en 
„ 1,00 | 
104 2. If the barometer is below _ inches, or the| 
thermometer below 50?, use the contrary signs. | 


Water being taken as d than air, as 836: 1, (see 
Observations in Savoy, Phil. Trans. for 1777, ) the 
barometer being at 29,27, and thermometer 510, a 
ophere of air equal in bulk to the brass sphere, viz. 
= 1134 cubic inches, would weigh, when the barom. 
was 29,5 inch. and the therm. $00 = 34457 grains; 
and 1 cubic inch of such air 
This correction will serve for any other body Whose 
bulk is known. 


ov 


— 0, 304 


weight in the 
wires, as before. 


" inches. 
— 23 


was weighed i in water, 8 
centre was below the "po 
surface of was ava * $7 


that is, the cylinder was the deepest by - = 1,2 
The repetition of this experiment shews "WE necessary it is 
to attend to the most trifling circumstances: there were not 
more than three or ſour of these particles of air, and those not 
larger than a small pin's head. Moreover, it may be noted, 
the distilled water in which these experiments were made, 
being afterwards pr with my (MarTiN' 8) hydrometer, 
in the heat of 60? 1, weighed on that scale = 1,000z; 80 that 
I see no reason — diffidence in the quality of the water. 
X io | 


3 
o0ly: he 42 — TY 9 5 0 
. %) 4 Hip is of 1 th receding ing ehem 


e TV #2 


8 6 — 1 1 


* pr — 


| " * 1 
Contents (true to robes) in — [rt 18917 br 75 
Weight 1 in air, true to o, 02 grain. 32084,82 1 
Weight in water, true to 0,10 grain 703. 


Weight of an equal bulk of water, 


| true to 0412 
{ Weight of a cu cubic in inch of wits, Ln 2,694 | 
& — these — H $2, ? 


of 13 


31 38 179 4 


The rel en 
serving of notice, and must be explained. It may proceed from 
two causes, which we will now inquire into. But first it may 

de observed, that the accuracy in measuring the dimensions of 
these two bodies, as well as the precision in weighing them, 

has, 1 think, been such as to put out of all doubt this part of 

_ the experiment. From whence then does this difference arise? 

Either of two causes may be suspected; viz. the pressure of 

_ the water against the sides of these two bodies altering their 

volumes, which, it t may be presumed, would have a greater ef- 

fect an the cube, from its figure, than on the cylinder, and in 

a direction agreeable to this difference; that is, it would dimi- 
nish the capacity of the cube more than that of the cylinder, 

and thus make the apparent weight of a cubic inch less in the 
experiment of the cube. But also we see, that the cylinder was 


„The weight of a cubic inch of common. or rain water has been- reckoned 
about 253 grains, sometimes = 253,33 grains, at others 253,18. But authors do not 
seem to have agreed in what they meant by common water, ruin water, pump water, 
spring water, and distilled water; for occasionally they are all confounded, and made 
to pass for each other; and sufficient notice seems not to have been taken of the 
temperature to which these weights were assigned. See ManxTin's Philosophia Bri- 
fannica. LI Wis's ** Commerce of Arts. CuAUusEAs's Dictionary, by Dr. 
Rszs. c. Sc. 
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weighed at a greater depth, by 1,2 inch, than the cube, below 
the surface of the water. Now, if it be true that water is com- 
pressible,* it will become denser, from its weight, at different 
depths, and this circumstance would act in the same way with 
that just mentioned; viz. would make the apparent weight of a 
cubic inch less from the experiment of the cube than the * 
der, which we see is the face. 

($. 25.) In order to dissipate these doubts, 1 cars avery accu- 
rate hollow brass sphere to be made, of about six inches diameter, 
and of such thickness of metal, viz. o, ig inch, as to be very little 
heavier than water, and yet of such strength as, together with 
its form, to resist any r * of bulk * the 5 
of water. Fl 
This sphere, which has SPA bn ä (5. 10.) 

| was examined in the following manner. The six-inch move- 
able bar r, (Tab. V. fig. g.) of the gauge, was compared with 
dhe divided seale of inches, fig. 1. The microscopes being ad- 
justed to exactly six inches, or the interval between 26 inches 
and ga inches, and the bar placed under them, the excess above 
6 inches was found to be as follows, by the micrometer, n o. 


A. 5 -— al 1 adjustment. 
bee. „5 | 
 6+,0055 687,063 
53 | thermom. 052 
0056 7 »0055 6 
00544 0054 
„0057 „0032 


Mean of the 1st trial 6 ,00550 6 => 7 
Mean of the 2d trial =6 ,005g6 


Mean of both, or) 0 a 415 
length of — =6 ,0054g hin the * of 64". 


See Mr. CanTon's Experiment in the Phil. Trans. Vol. LII. 
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i deco ae 
W in the direction po; and the end of the micro- 


meter screw brought to bear against it repeatedly, so as to 
touch without force, or considerable pressure; and the divi- 
_ gions* „ e AS gauge. 


* * 
* — _— 


"+. 
! 

4 

N 

| 

ö 

I 

| 


© . 
3 


6 way n ies and 
the sphere put there in its place; and, by means of the three 
great circles, each of which was divided into 8 equal parts, nine 

several diameters of the sphere were taken, as follow : 


The mean of these three means. is 64,5, with the temperature 


Dir. of | Div. of 1 N Div. of 
microm. microm. {| | microm. 
4⁰ 4⁰ 43 
1 „„ | 3 $ 
diam. % i l diam. | therm: iam. 42. 
AB [42 | 42 6 T1 F . 
£ 146 144} | 8 | 146 
Mean | - 4296 | | 456 


* Each thread of this screw is rer inch, and each eee 
vided into 100; so that every division on the micrometer plate is = = T5765 inch. 

1 In all these experiments with the gauge, the figures en the micrometer plate i in- 
crease as the screw . viz. the higher numbers indicate a less interval 
or diameter. 
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The — four 2 mean dimensions may be called equa- | 


torial, viz. = 


” „ ; [ 
p * T . 1 
Fam 1 ry Þ . "+ 2 1 4 : oy _ - * .- fm 1 — 
F o 4 k Wide. 3 co; , 18 j 
-_ 1 San. = , - * .”P l 1 4 
. — % , g * 
- . 2 


6 , as..." , 
Rr 1 — * . 2 10 
rr n . ea, ee oo.» = 
+ 
„ 


These three last ende . with the ist AB =45 
of the preceding set, may be called meridional, EF= 448 

: Heng 30:6, che: at. 3 former, 1,2 = 
. Seas ily els 

and differs from the former not . = inch. n 

In another great circle, go* from the 2 comprising 

the diameters already taken, EF and C D, at the intersection 

of the two former _ were taken 


== 43,0, which is that of another great circle 


| 
| 
N 
2 
| 
=_ 
; 
| 
= 


es Ä 


r 


, — ů —— 
* n. 
21 —— * 


* — HUC 


or meridian, at right angles to the former; from whence it will 
be seen, eee | 
han about inch. = 

— The roing g mean dimenins of dune . 


** 51420 wee, e . 
Ef s de men ot whichis = 437 
5 1.2 426 22 62” 0 
3.4 = 41,1 
«BS = 425 

1 ==41,0. 
Now the impoet of the Ati: experiaents s is this, that 
0 wh the mean diameter of the sphere is holden between the 
points of contact of the gauge, near o and p, the index of the mi- 
crometer shews @ =— — = 43,7 divis. 


is ters ts pvc by it shews . 


5 the difference is gs = 4. > a = 20,8 v4 
and by so much i is the bar shorter than the diameter of the 
sphere. inches. 
These divisions, 20,8, are equal to (8 26. $ 3 0, O : 
andthe length of the bar has already (F. 25. 1 
therefore the true diameter of the sphere becomes 00745 . 
which quantity I think must be true to within — inch. 
(F. 28.) The cube of this diameter, 6, oo 45 inches x ,5236, 
as is well known, will give the contents of the sphere in cubic | 
inches, vix. = 113, 3194 inches, which must be very near the 
truth: for, if not, let it be supposed that the inaccuracy in the 
measurement, or the irregularities in the figure of this sphere, 
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should be such as to amount to + inch, and these so many, 
without balancing each other, as to produce a spheroidical form, 
one of whose diameters should exceed the other by +; inch; 


in bows case, the error in the assumed Solid would not exceed 
550 part of the whole; and this is a position infinitely too ex- 


3 


ts travagant to be admitted, when we recollect, that this diameter 


has been probably taken to within a tenth part of that error. 

(5. 29.) The weight of this sphere, in air and in water, comes 
next under our consideration ; the experiments for which were 
as follow, made. June 12, 1797; the barometer being at 29-74 
inches, and the thermometer, in air, at 675. 


Experiment the 15t. 


The wel ight of the sphere in air, the counterpoise, 
or weight of the scale or cradle, a be, (Tab. VII. 
fig. g.) in which the sphere hung, being allowed 
for“, so that this was the net weight - J 
The Sphere and scale suspended in} grains. 
water, with its centre 5,6 nches | = 953.17 
below the surface, and the heat 66 „„ 
Deduct the counterpoise, or weight 
of the scale, in water, with the 
same heat of 665, and same depth 
| below the surface . 
The difference is the net weight of the $ Hh . 


= — 253.32 


water, of the temperature 66, which, 1 
from its weight in air - - 


Leaves the weight of a bulk of water =the sphere, Z 
in the temperature . and * * w low |= 28672,79 


49.85 


the surface — 


The weight of this scale, with its 3 wires, in air, was = 276,10 grains. 

+ The sphere having been weighed in the same depth of water that the counter- 
Poise to the scale was determined in, no correction for the greater or less immersion of 
the scale- wires was here necessary; which however will sometimes be the case. Sce 
F. 29. and table II. of correction, $. 2 3. 
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Experiment the 2d. June 16, 1797. 
The barometer being at 30, 13 inches, and the — at 68˙. 


Weight of the sphere, together with the scale, in air 2963,91 
Deduct the 9 of the scale, or 5 
in air — — j= — 344.03 
Remains the total net weight of the here i in air = 28721, 88 
And, to reduce this to the same state of the 
atmosphere as the preceding observation, "4 
vix. 29,74 inches of the barometer, add the | * 4 
correction for o, 39 inch (see table, F. 2g.)) — + 
Also the correction for 1* of the thermometer = 508 
And the net weight of the sphere, in an atmo-) . ——— 
sphere of 29,74 inches, and heatof67 „becomes 1 
Weight of the sphere, with its scale, = 
in water, 3,7 inches below the sur- 
face, and the thermometer at As 
66*,1 — 
From thence deduct the weight . 
the scale in water 1 
The net weight of the scale in wa- 


ter becomes — e Oe 
To which, add the correction for |. 
0,20 


wires of the scale being immersed 
2,53 inches deeper now, than when 
its weight in water was determin- | 
ed (see table, F. 23. — : 
And the corrected net weight, in water, Wd». 4981 
Which, deducted from its weight in air, leaves 
j= 28672, 1 


the weight of a bulk of water = = the sphere, 
in temperature 660, 1 - - * 1 
Correction for oe, i of heat® =—- % 
And the true corrected weight of a bulk of wa ——— 
ter equal to the sphere, reduced to the baro- ll — 78,06 
meter = 29,74, and therm. 66, o, becomes 


One degree difference of heat in the water will alter the weight of the sphere in 
| water, or the weight of the bulk of water equal to it, = 4,54 grains; so that, by far 
the greatest source of error, in these experiments, lies in the difficulty of exactly know- 
ing, and preserving, the temperature of the water. 


po 
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Experiment the gd. June 16, 1797. 


The true net weight of the sphere in air, re-) grim. | 
duced to a state of the barometer of 29.74 [= 28 722,42 18 
inches, and therm. 67, as in last experiment a I 

: Weight of the sphere, together with — if 
its scale, in water, 6,8 inches below * 484,20 "nf 
the surface; the thermom. at 66˙,1 It 

Deduct the weight of the scale in water 435 g 4 

The difference is the net weight of 
the sphere in water, of the tem- * 49,11 

perature 66',4 - - 

” To which, add the correction for the] 5 5 
Vuoires of the scale ing immersed 
5,5 inches deeper now, than when * 44 
its weight in water was determin- n; 
ed (see table, F. 23.) — YL 
The corrected net weight, in water, becomes = 49,55 


Which, deducted from its net weight | in air, 
leaves the weight of a bulk of water = = the IE 
Sphere, and 6 inches below the Surface wo _ 
the heat of 665,14 — ö 


1,81 


Correction for oi, 4 of heat (see table, & 
The true corrected weight of a bulk T — 
the sphere, in the heat of 660, o, and 2 0 


a pressure of the barometer of 29,74 ns 
and 6 inches below the Surface 


(& go. ) Results of the Observations of the Sphere collected. 


| 
Correct weight of a bulk of water sphere, . g 
w the zurface 0 
barom. being at 29,74 inches, therm. 665,0. of the water. | | i 
grains. inches. WE Th 


> By the ist observation 28672,79 | 5,6 
| 2d observation = - - e2867g,06 | 3,7 — 
3d observation 2867468 68 DE if 


— 


Mean of ali! '- =" 2867341 | 5.97 


P ed a 


CY - — 
= : N 1 = _ of _—_ 
Y 7 8 — 2 — 4 . 1 - - x - _ 2 — - w_ — — we 
0 - om —- — : \ — 1 2 = —_— FRY = — a — 3 o 
a. _ 
8 4 - N — 5 2 C y 4 7 22 = — Me * 
— —— N. - * CET UBT” » K — — _ - 
1 x 
—— 0 1 . ——— * — 
as ou. 7 a - 
— ** 
— — — = - 


_ - =_ a 1 e — 3 9 — = o 
= — 4 4 _—_ — - a an 
- o 
— . * - - X . 4 
_ — — — . 
— 6 \ I 57 4 IE E — —_—_ — ay —_— _—_— — ” 
. a — . . 1 = — . m. — _ 
. wr — - — a a . * 
— — — — — — — — — —— — * - — - — a 1 ” 4 
* * 
5 8 - K * 
- © * 
; 
4 ; 
» 


164 Sir Gronoꝝ SyuckBuRGH EveELyN's Endeavours 


Which, think, may fairly be presumed to be within 1 part 
in 50,000 of the truth. 

(C g1.) Now the contents of this sphere having already 
(F. 28.) been found to be = 113,519 cubic inches; == 


7197579 


= 252,587 grains, will be the weight of a cubic inch of dis- 


tilled water, under the circumstances above mentioned, by Mr. 


TrouGnToN's weights.“ N 


I think it may now be concluded, that the variety in the 


experiments of the cylinder and the cube, (F. 24.) does not 
proceed from the different depths + in the water, at which they 

were made; at least, that the pressure of g inches, in perpen- 
dicular height of water, does not render that fluid more dense 


by — part, which may be reckoned an insensible quantity; 


but that this variety did proceed from a difference in the yield- 
ing of the sides of the cube and the cylinder. And lastly, I 
hope it may be trusted, that the weight of a bulk of water 


But, as will appear kereafter, (5. 41.) these weights are too light, when com- 


pared with the standard in the House of Commons, by about 1 in 1523, 92; the 
correction therefore, for this difference, would be = = 0,165 grain, to be deducted 


A - - - - 252,587 grains. 
—_ nw 


And the weight of a cubic inch of distilled vater, in "_ of 
the parliamentary standard, will be a 5m 252.422 


+ By means of an alteration and addition to my apparatus, since the experiment 
| abovementioned was made, I have been able to repeat it at greater depths below the 


surface of the water, viz. when the centre of the sphere was 5 inches, 13 inches, and 21 

inches, below, without any appearance of water having a sensible difference of density at 
different depths. The vessel I used for this purpose was of wood, 32 inches high, and 
12 square, containing 16 gallons, with two sides of plate-glass, to admit the light; and 


the wires by which the sphere was suspended were 45 inches long, and stronger than 


before, viz. 100 inches of the single wire weighed 24,14 grains; and due allowance 
was made for the different weight of the scale and wires, in air and water, from actual 
experiment. 
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== the sphere, has been determined to within of the whole, 


and probably to within half that quantity. 

(F. 32.) Having then, through the means of Mr. WRITE 
HURST'S observations, and of his own instrument, ascertained 
the length of his proposed standard, in the latitude of London, 


113 feet above the level of the sea“, under a density of the at- 
mosphere corresponding to go inches of the barometer, and 605 


of the thermometer, which is full as satisfactory, for all practical 


purposes, as if it had been done in vacuo t, which I conceive 

to be nearly impossible; and, having determined the weight of 
any given bulk of water, compared with this common measure; 
I believe it now only remains, to ascertain the proportion of this 
common measure and weight, to the commonly received mea- 
sures and weights of this kingdom. 


($8 33. ) It is perfectly true, that if I chose to indulge i in 1 


ciful speculation, I might neglect these comparisons, as an un- 

philosophical condescension to modern convenience, or to an- 

cient practice, and might adopt some more magnificent integer 
than the Englisb pound or fathom; such as the diameter or cir- 
cumference of the world, Sc. Sc. and, without much skill in 
the learned languages, and with little difficulty, I might ape 
the barbarisms of the present day. But in truth, with much 
inconvenience, I see no possible good in changing the quan- 


tities, the divisions, or the names of things of such constant 


recurrence in common life; I should therefore humbly submit 


it to the good sense of the people of these _ at least, to 


* The height, as I 3 been informed, of the room of Mr. Wualrznussr's EY 
vations. 


+ It is perfectly true, that this supposes the experiment to be made with a pendu- 
lum similar to Mr. WHITEHURST'S. 


preserved in the Exchequer; in the House of Commons; at the 


166 Sir GeoRGE SHUCKBURGH EVELYN's Endeavours 


preserve, with the measures, the language of their forefathers. 
I would call a yard a yard, and a pound a pound, without any 
other alteration than what the precision of our own artists may 
obtain for us, or what the — of ages, or the teeth of time, 
may have required. 

(F. 34.) The difference of the length of the two pendu- 
lums, from Mr. WarrenvussT's observations, appearing to be 
59,893.58 inches, on Mr. TRoucnuToN's scale; and a cubic inch 


of distilled water, in a known state of the atmosphere, having 
been found to weigh 252,587 Troy grains, according to the 


weights of the same artist, it remains only to determine the 


proportions of these weights and measures, to those that have 
been usually, or may be fitly, considered as the standards of 


this kingdom; and herein a small discrepancy between them- 
selves, | in these authoritative standards, will have no influence 
on the general conclusion I propose to draw; which is, not 80 
much to say what bas been the standard of Great Britain, as 

what it shall be henceforward, and may be immutably so; and 
which shall differ but a very small quantity, and that an as- 
signable one, from those that have been in use for two or three 


hundred years past. By these means, no inconvenience would 


be produced from change of terms, or subdivisions of parts, or 
from sensible deviation from ancient practice: all that will be 


done, will be to render that certain and permanent, which has 
hitherto been fluctuating, or liable to fluctuation. To give effect 
and energy to these suggestions, is the province of another 


power. 
(8 35.4 ) The chief standards of longitudinal measure, as far 
as I can learn, that carry any authority with them, are those 
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Royal Society; and in the Tower. The first alone, indeed, 
bear legal authority, and have been in use for more than 200 


years; the last is considered as a copy of them, and is not used 
for sizing generally. The two remaining ones are of modern 


date; and, although they do not carry with them at present any 
statuteable authority, yet, from the high reputation and acknow- 


ledged care of the artists who made them, (the celebrated Mr. 
GEORGE GRAHAM, and Mr. Joh BikD,) are undoubtedly en- 


titled to very great respect; and are probably derived from a 


mean result of the comparisons of the old and discordant ones 
in the Exchequer. I shall begin with that of Mr. Gzauam, 


which contains also the length of the Tower standard laid down 


upon it; will proceed then to Mr. Binp's, and finally conelude 


with those at the Exchequer. 


(F. 36. ) May 5, 1797. I went to the apartments of the 8 
| Society, at Somerset House, and, with the ready assistance of Mr. 


 Gir-eix, at the kind instance of Sir JosEPH Banks, I made the 


following observations on Mr. GRAnam's* brass standard yard, 
made in 1742. This scale is about 42 inches long, and half an 


inch wide, containing three parallel lines engraven thereon, on 

the exterior and ulterior of which are three divisions, expressing 
feet; with the letter E at the last division, and, by a memoran- 
dum preserved with it in the archives of the Society, is said to 


signify English measure, as taken ſrom the standard in the 
Tower of London. That with the letter F denoting the length 


of the half of the French toise; put on here, by the authority and 
under the inspection of the Royal Academy of Sciences, then 


This rod was not made by Mr. GaanHaAu, but, at his instance, procured by him 
from Mr. Jos AT HAN S1550N, a celebrated artist of that time. See Phil. Trans. 
Vol. XLII. 
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subsisting at Paris, to whom it was sent in 1742, for the pur- 
pose of comparing the French and English measures. The 
middle line, marked Exch. of the three abovementioned, de- 
notes, as is supposed, the standard yard from the Exchequer. 
(F 37.) This bar of Mr. Gnauau's had been previously 
laid together with my scale divided by Mr. Trovucarox, for 
twenty-four hours, to acquire the same temperature; they 
were also of the same metal, and, by placing it under my 
microscopes, adjusted to the interval between 10 and 46 
| inches, I found the interval on the Tower Standard exceed 


| Inches. 
mine, by — 0,00127 | 


001335 
00128 


= yt total length therefore 36,001 30 
inches, the thermometer at 60' 8. : 


: Mean = 500130 ; 
The interval on the line marked Excn. was Shorter than 


mine by = — 


** total length = = 35,9933 
inches, the therm. at 60',6. 


And the Paris half -toise, which had been supposed by the Aca- 
demy to be = 38,355 English inches, was found, 2 


Inches. 


with mine, to be = 8, 356 1 Inches. 
3563 Mean = 38, 8561 7. 
19599 J 


2» Dr. MasxELYNE Says, this standard yard of Mr. Gaanau's was rds inch 
longer on three feet than Mr. Biz 0's divided scale, which he generally made use of 
in all his operations of dividing ; and, from one made conformably to this of Mr. 
Bixp's, Mr. Tzouckrom divided my scale of 60 inches. This remark seems to 
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Inches. 
The ist of the preceding ohecreations giving 86,001 3 
The 2d go, - - — $5-9933 


The mean length of Mr. Granan's standard becomes 35-997 3- 


agree with my ist and 3d comparison, but not with the intermediate one. See Phil, 


Trans. for 1768, p. 324. 


As I am now upon the subject of foreign measure, it may not be quite out of 11258 


to say a word on the length of the ancient Roman foot, which I am enabled to do 
with some precision. 


Naples by Sir WILLIAM Haul rox. They were all of brass, except one half - foot, of 
| ivory, with a joint in the middle, resembling our common box or ivory rules: and, by 


reference to my journal kept at that time, I find the mean result from all the nine 
rules, viz. by taking both the whole and the parts of each, (for they were divided into 
12 inches, and also into 16ths, or digits,) gave, for the length of the old Roman 


foot, i in English inches, correspondent to Mr. Biz 0's measure, = 11, 6063. 


In confirmation also of this conclusion, and agreeably to the idea of Mons. De 1 LA 
 Conpamnixs, in the < Journal of his Tour to Italy”, I took the dimensions of seve- 
ral ancient buildings, viz. the interior diameter of the temple of Vesta; the width of 
the arch of Severus; the door of the Pantheon; and the width of the base of the 


quadrilateral pyramid of Cestius, which, it is curious to observe, I found exactly 100 


old Roman feet, and 125 feet high. This I do not remember to have Seen noticed by 


any former traveller. 1 
The mean result of these experiments gave me 1 es English inches. 
Ditto, as before, from the rules - „ — 11,606 ditto. 
The mean of the two modes of determination is 11,612 ditto. 


I may add, that in the Capitol is a stone, of no very ancient date however, let into 
the wall, on which is engraven the length of Several measures, from whence 1 took the 7 


following : 
The ancient Roman foot, 3 English inches. 
The modern Roman palm, = 8, 82 ditto. 
The ancient Greek foot, = = 12,09 ditto. 


MDCCXCVIIL. 2 


Some years ago, when I was in Italy, I mende e een dase Gt üg hs | 
length of this measure, by actual examination of the Roman foot rules, of which 1 
have met with nine, viz. two in the Capitol at Rome; one in the Vatican; five in the 
Museum at Portici, near Naples; and lastly, one in the British Museum, sent from 
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(F. 38.) From the information in the report of a committee 
of the House of Commons, that sat in the year 1758, I learnt 
that Mr. Binp's parliamentary standard had been in the cus- 
tody of some of its officers, but of whom nobody knew : how- 
ever, under the authority of the speaker, who was so good as 
to furnish me with a room in his house, to make the compari- 
sons in, I at last discovered this valuable original in the very 
safe keeping of ArTHur BensoN, Esq. Clerk of the Journals 
and Papers, and which, I believe, had never seen the light for 
five-and-thirty years before. It is a brass rod or bar, about 39 
inches long, and 1 inch square, inclosed } in a mahogany frame, 


inscribed 8 Standard 2 1738”; at each extremity of it is 


_ Geo. 2d. 


a gold pin, of about 2 78 inch i in diameter, with a central point, 
and these points are distant = 36 inches. It bears, however, 
no divisions; but there was found with it, in another box, a 

scale divided into 36 inches, with brass cocks at the extremities, 


bor the purpose of sizing or gauging other scales or rules by. 


Besides these, I found another standard, in size, and in all re- 
spects, similar to the last, inscribed 1760, having been made for 
another committee, that sat in that year; this also was accom- 

5 panied with a similar divided scale of 36 inches. 

These bars being too thick to be conveniently placed under 
the microscopes of my instrument, the interval of 36 stan- 
dard inches was laid down on my scale with a beam- compass, 

two fine points made, and, compared with TROUGHTOx's di- 

visions, was = 36, ooo g inches; the thermometer being at 64“. 

I then examined the other standard, marked Standard, 1760”, 
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and found it to agree exactly with that of 1758; at least it did 


not differ from it more than ,oo02 inch“. 
(F. 39.) I was now to examine the old standards kept in 


the Exchequer: these Mr. CHarLes ELL1s, Deputy Chamber- 
lain of the Tally Court at the receipt of the Exchequer, was so 
good as to supply me with; viz. the standard yard of the goth 
of Eliz. 1588, and also the standard ell of the same date. 
These are what have been constantly used, and are indeed the 
only ones now in use, for sizing measures of length -. They 
are made of brass, about o, 6 inch square, and are very rudely 


divided indeed, into halves, quarters, eighths, and sixteenths; 


the lines being two or three hundredths of an inch broad, and 
not all of them drawn square, or at right angles to the sides of 
the bar, so that no accuracy could possibly be expected from 
such measures. However, the middle point of these transverse 
lines, between the sides of the bar, was taken as the intended 
original division; and these divisions, such as they were, were 


transferred, by a dividing knife, to the reverse side of my 


brass scale made by Mr. TrzovcuTon, the thermometer be- 


ing at 63; and, at my leisure afterwards, 1 found as follows. 

The ends of these venerable standards having been bruised 
a little, or rounded, in the course of so many years usage, 1 
conceived a tangent to be drawn to the most prominent part, 


which was about the centre or axis of the bar, and this point 


These quantities then being 50 Small, I shall consider them as wholly insensible; 


and shall say, that Mr. Bixp's parliamentary standards of 3 feet ey correspond 


with Mr. TxouHrox's scale. 

+ There was also a standard yard of Henry VII. but of very rude 3 
indeed; now quite laid by, and at what time last used, no information remains: but 
of this more bereafter. 
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being referred to TRouGHToON's scale, between 6 and 42 inches, | 
the entire yard of 1588, measuring from one extremity to the 


other, was found to be shorter than this, by — 


,007 inch: but 


these — will be better exhibited in a table. 


| Difference Difference 
1 5 from [Length in} on 36 Mean difference 
| Exchequer standard of 1588. | Trough-| Inches. | inches. | on 36 inches. 
1 . | 5 
r „ 
8 __ 1 35,999|— ,007| | 15 
(yard, —— inch. + 06g 18,06g|+ , 126 Inch. 
3 yard, from 15 to 4 inch — o0o8 26,992 — , 011 f= + 0,015 
yard, from 10+ to 42 in. ,022| 31,522 , 025 - 
yard, from 81to 42 in. — ,055| 33,695|— ,059 
Entire « ell, from 2 to 47 1 
inch. - - |— ,096] 44,964 — ,029 
1 ell, . 2 to 244 inch. ,0g2| 22, 532 „052 
 E, from 2 to 334 inch. ＋ ,017] 33,767 ＋ , 018 $— 4 0,016 
[5 from 2 to 41, 375 inch.|— ,001] 39,374 — ,001 Viz. the Exche- 
H ws | | |[rory 
[ inch. „C Jos oO} 42,299 ＋ 430 longer, or about| 
5 E = bo 1 in 2322. e 


(8 40. ) It appears then, from the above table, that the an- 
cient standards of the realm differ very little from those that 
have been made by Mr. BIRp, or Mr. TroucaTon, and conse- 
quently, even in a finance view, (if one might look so far for- 
ward,) nothing need be apprehended, of loss in the customs, or 


excise duties, by the adoption of the latter. 
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(F. 41.) I shall now endeavour to shew the proportion of the 
weights that I have used, compared with the standards that 
were made by Mr. Harris, Assay Master of the Mint, under 

the orders“ of the House of Commons, in the year 1758. They 
are kept in the same custody with Mr. Birp's scales of length, 
and appear to have been made with great care, as a mean re- 
sult from a great number of comparisons of the old weights in 
the Exchequer, which have been detailed at length in that re- 
port. Mr. Harris having. been of opinion that the Troy pound 
was the best integer to adopt, as the standard of weight, I ven- 
ture to conclude that this was the most accurate, and most to 
be depended upon, of all the various weights and duplicates 


| that he made for the use of this committee; for he made them 

| of 1, 2, 4, 8, 16, Ib. and of 2, 1, 2, 3, 6 ounces. It will there- 

g fore be sufficient for my purpose, to compare the 1 and 2 pounds | 

= Troy, and their duplicates, with the weights of Mr. Tzoucu- l 

Z ns 5 I | 
| E I did this, June 1797; the barometer being at 29,72 inches, „ 1 
g 2 e of Txoverron' $ weights. | | 
. The standard weight of i Troy pound, or). Ib. grains, grains, 1 
| 3760 grains, marked 1758, kept at the | =1 37 $75\.— PIO. 1 
E House of Commons, in a small box by: 74 If WF 1 
j itself, by Mr. Brxsox, weighed - : 1 
N A duplicate of the preceding, kept with) = 1 $7 — =_ 
3 some other weights, in a box marked T Phan 5763,685 | | | 
| The mean weight of the Troy pond, from mm ll | 
I two „ess = 
| „ See the report referred to in the note of page 148. | j 
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| Troveuron 's Weights, ; 
grains. - grams, 
10000 
1000 | 
The two-pounds weight, from the 
House of Commons, kept in a= 100 $=11527,84 


deal box, marked A — FS 1 
* EST 
a C 0 84. 
10000 5 
A duplicate of the last mentioned a Ib. = | 5 
wee e, e ee 
12 now stood at 68 . 7 2) 
Therefore the mean weight of alb. Troy, from in 3 - 
two last trials, is s a — 1 11627. 70 


And consequently 1bb. n - 2 5763,85 
But, from the examination of the two sin le pou 2 
weights, as above, 1 pound is , "je 
Therefore the mean of all is 3 — = 3763,78 
That is, Mr. Tnouchrox 8 weights are too light by zee 80. , 6562 ä 
grain on 1000 grains, or 1 in 1323,92 grains. 

(F. 42.) In conclusion, it appears then that the difference of 
the length of two pendulums, such as Mr. WriTEHURST used, 
vibrating 42 and 84 times in a minute of mean time, in the la- 
titude of London, at 11g feet above the level of the sea, in the 

. temperature of 60" and the barometer at 30 inches, is 59. 89358 
inches of the parliamentary standard; from whence all the mea - 
sures of superficies and capacity are deducible. 

That, agreeably to the same scale of inches, a cubic inch of 
pure distilled water, when the barometer is 29, 74 inches, and 


+ * 


to ascertain a Standard of Weight and Meavure. 175 


thermometer at 665, weighs 2 52,422 parliamentary grains; from 
whence all the other weights may be derived. 

As a summary of what has been done, I hope it may now be 
said, that we have attained these three objects; 


Ist. An invariable, and at all times communicable, measure 
of Mr. Binp's scale of length, now preserved in the House of 
Commons; which is the same, or agrees within an insensible 


quantity, with the ancient standards of the realm. 


adly. A standard weight of the same e character, with reference 


to Mr. HARRISss Troy pound. 
gdly. Besides the quality of their being invariable, (without 


detection, ) and at all times communicable, these standards will 
have the additional property of introducing the least possible 
deviation from ancient practice, or inconvenience in modern 


use. 


per to add a few words upon a topic that, although not imme- 


diately connected, has some affinity to it; I mean the subject 
of the prices of provisions, and of the necessaries of life, c. at 


different periods of our history, and, in consequence, the de- 
preciation * of money. Several authors have touched inciden- 
tally upon this question, and some few have written professedly 
upon it; but they do not appear to me to have drawn a distinct 
conclusion from their own documents. It would carry me in- 


finitely too wide, to give a detail of all the facts I have collected; . 
I shall therefore content myself with a general table of their 


The various changes that have taken place, by authority, in different reigns, either 
in the weight or alloy of our coins, are allowed for in the subsequent table. 


(F. 43.) Before I close this Paper, after having said so much 
on the subject of weights and measures, it may not be impro- 


i 
| 
7 
1 
5 
1 
| 
þ 
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time: and, however I may appear to descend below the dig- 
nity of philosophy, in such ceconomical researches, I trust I 
shall find favour with the historian, at least, and the antiquary. 
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results, deduced from taking a mean rate of the price of g 
article, at the particular periods, and afterwards combi 
these means, to obtain a general mean for the depreciation at 
that period; and lastly, by interpolation, reducing the whole 
into more regular periods, from the Conquest to the present 
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A Table exhibiting the Prices of various Necesaries of Life, 
present Time, derved from res 
ppreciation of Mon 


together with that of L 
pectable Authorities; witl 
ey, according to a Series of Intervals of zo 
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Besides most of the old chronicles and historians, the followin 
1299. The Sketch of the Establishments of this Kingdom, 
Queen Mary, Lond. 1790, 4to. 
fol. Lond. by T. LoncMan, 1768. Dr. SMiTH's Wealth of Nations. 


Kin 


William and 


F 
2 


The small figures denote the price in decimals, whereof those fc 


temp. 


he 11th volume of the Arc 


books were consulted, in constructing the 
D. III. . 2 by J. BRE E, 1791. Colle. 
eologia. An Enquiry into the 
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with that of Day Labour, in sterling Money, and also in Decimals, at different -Periods, 
uthorities; with the Depretiation of the Value of Money inferred therefrom. To which is 
ntervals of 50 Years, for the first boo Years; and, during the present Century, at shorter 
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nals, whereof those for the year 1550 may be taken for the integer, viz. 100. | 


in constructing the above table; viz. Bishop FL.EETwood's Chronicon Pretiosum, ist and 2d edit. Liber Garderobe, in 
REE, 1791. Collection of Ordinances and Regulations of the Royal Household, in divers Reigns, from Edward III. to 

in Enquiry into the Prices of Wheat and other Provisions in England, from the Year 1000 to 1765, by Mr. Comprune, 

ART'S Political Cconomy; and Dr. Hexzy's History. ä x 
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(8. as) Since the writing of the W Mee l have 
| had an opportunity of examining three other scales, divided 
into inches, or equal parts, of considerable authority in this 

country, having been executed by the late Mr. J. Binn. I have 
also compared the old standard in the Exchequer, of the time 
of Hen. VII. and which is considered to be the most ancient 
authority of this sort now subsisting: these observations, I 
flatter myself, the Royal Society will be desirous of possessing. 
(. 45.) The first of the abovementioned scales belonged to 
the late General Roy, and was purchased by him at Mr. 
Suokr's sale, the celebrated optician; it was used by him in 
his operations of measuring a base line on Hounslow Heath. 
| (See Phil. Trans. Vol. LXXV.) It was originally the property 
of Mr. G. GnahAu, has the name of JonaTuan S1580Nn en- 
graven upon it, but is known to have been divided by Mr. 
BirD, who then worked with old Mr. Sissox. It i is 42 inches 
long, divided into tenths, with a vernier of 100 at one end, and 
of zo at the other, givin gt the subdivisions of Soths, and 100oths, 
of an inch. 
(F. 46.) The second is in the POSSESSION of ALEXANDER AuBERT, 
Esq. and formerly belonged to Mr. Harris, of the Tower; 
contains 60 inches, divided into ioths, with a vernier, like that 
of the preceding. It is one inch broad, and o, 2 thick. 
. 47.) The third was presented by ALEXANDER AUBERT, 
5 Esq. and the late Admiral CaMeBELL, Mr. Binp's executors, to 
the Royal Society, in whose custody it now remains. It con- 
sists of a brass rod, 92,4 inches long, o, 37 inch broad, and 
MDccxcviII. Aa 
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0,3 inch thick; bearing a scale of go inches, or equal parts, 


each subdivided into 10, with a vernier at the commencement, 


being a scale of 100 divisions to 101 tenths. This has been 


called Mr. Bird's own scale, viz. made for his own use; and 
was the instrument with which he is said to have laid off the 


divisions of his 8-feet mural quadrants. It is probable that 
Mr. BixzD made many more of these scales, now in the hands 
of private persons, (one of which, indeed, I saw at the Presi- 
dent Dx Saron's, many years ago, at Paris,) but those have 
not come to my knowledge. 


(F. 48.) In comparing General Rows (Bird's) scale with 
Mr. TRrovcnToN's, I found 42 inches of the former were 


42, oo0 10 inches on TRouUGHToN's; (the thermometer 51 3) 


g6 inches were consequently = $g6,00c08. 
And 12 inches on the ist foot were equal 


Inches. 
9: 595 29 Income; from 18 to. 3 on * 11,9997 
 TrovcnToN's scale . 


The 2d foot — ; 8 + ,0006 12,0006 
The ad foot. = = = - —,0004 11,9996 
The last foot „% % „ 
The mean foot, ** in General Roy s scale, . 
taken from four different feet, compared with 3 
TrovGHToN's, between the 12th and 24th inch, * 
is as 12 to — 5 "6 15 
That is, General Roy 8 Scale i is longest on 1 foot by | 
so much, and longer on g feet bß ß = ,o00g6 
And the greatest probable error from the inequality 
in the divisions is about - = „ 
And the mean probable error about — — 35000 


(§. 49.) Mr. AuBERT's scale, compared with Mr. Troucu- 
TON's, was as follows: 38 inches were equal to 57,9982 inches 
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on TROUGHTON'S; (thermometer at 51%,0;) vis. Mr. Bizv's 


measure was shortest ,0018; or, shortest on 36 inches =, 0012, 
And 12 inches, or ist foot, on Mr. 1aches. 
 AUBERT'S - - == 11,9999 

2d foot, © = 12,0005 


gd foot, $ 11,9996 
| 4th foot, | 12,0019 | 


| on Mr. Trxovcn- 
ros scale, from 


Therefore the mean foot is - 182,000z/) 5070. 
The greatest error in this scale appears to be about = = „0012 


And the mean probable error — AS ,0006. 


(5. 30.) The Royal Society's scale, com mpared, was as 6 Kon: 
58 inches on Mr. BIiRD's were equal to 57,99912 inches on 1 Mr. 
 TrovenuToON's : (thermometer 50%) 
viz. Mr. BIRD's measure was shortest 00088 
Or shorter on 36 inches — egg 
53 inches on the same were equal to - 31,99967 
2. Mr. Bird's was shortest * * ,0003g 7 
« on 36 inches, by ß — 
The mean of these two comparisons is „00045 


And, by so much, is Mr. Bin s scale shorter, in three feet, than 


TROUGHTON'S. „ 
And 18 inches, or ist 8 of the Inches, 


Royal Society's scale, is - = r 
2d foot of ditto = 11,99957 | on Tnouon- 


gd foot of ditto = 12,00027 \ TON's scale; 


200 foot of ditto = 11,99990 { the thermo- 


&h foot of ditto = 11,9982 | 
7th foot of ditto = 12, 00000 
The mean of these seven feet is = 11,99982 
And the greatest error in these divisions=,0008 
And the mean probable error - _==,0004. 
1 n 


— _ 


6 inches to 18 
inches ; the ther- 


5th foot, 12, 005 * 


as. 4 
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(C. 31.) Lest, however, it should be suspected, that Mr. 
TrovenrTon's scale, with which I have made these comparisons, 
is not sufficiently correct for this apparent preference, I will 
now give the result of my examination of that scale, from one 
end to the other. I set the microscopes to an interval of nearly 
6 inches, correctly speaking, it was 6,0001g inches, taken from 
a mean of the whole scale; and, CO this interval SUC- 
cessively, I found as follows. 


Inches. | Inches. | Inches, qr irs 
viz. from 0 to 6 - = 6,0009g®* - + ,00012 
86 to 12 6,00 g 000000 
12 to 18 = 6,00020 = : - + ,00007 
18 to 24 - = 6,00000 . — 500013 


24 to go = = 6,00007 DLC — ,00006 
go. to 36 Oy Fo! „ ＋ ,00020 
36 899 = = = 5.99980 = — — ,00033 


42 to 48 = MT 0,00020 _ | + ,00007 
* to = 6,00010 = — ,0000g 
5 34 to 60 15 . SG . 5 1 + ,00010 


md 


Mean 6 6800 
From whence it appears, that the greatest Nane error, 
without a palpable mistake, in Mr. TROVGRTOx's divisions, 
is = 0003 inch; against which, the chance is 9 to 1; and 


lt is not pretended, that in this and the foregoing observations, the quantity of any 
interval can be determined to the precision of the one hundred thousandth part of an 
inch; but it is presumed, that with the assistance of the microscopes, the ten thou- 
sandth part of an inch becomes visible; and, as a mean is taken from 3 or 4 times 

reading off the micrometer at each trial, it has been deemed not unreazouable to £ set 

down the quantities to five places of decimals. 
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the mean probable error = ,00016; and that it is 4 to 1 the 
error doth not exceed = inch. 


This accuracy is about three times as great as that of Mr. 
| Binp's scales, and about equal to that of the divisions of my 


equatorial instrument, made by Mr. RAMSDEN, in 1791. See 
Phil. Trans. for 179g. 


(L. 52.) I now proceed to the examination of the standard 


rod of Henry VII. which is an octangular brass bar, of about 3 
an inch in diameter, with one of the sides rudely divided, into 
halves, thirds, quarters, eighths, and sixteenths; and the first 
foot into inches. Each end is Sealed with a crowned old Eng- 


,--M 
lich H, (D) and from hence i is concluded to be of the 


time of King Henry VII. viz. about 1490, but is now become 
wholly obsolete, since the introduction of the standard of Queen 
Elizabeth; but Such as it is, I have thought proper to examine 


it, and find as follows: 8 Inches. 


On this rod, 3, or the 15t foot, is equal to 11,973 on TROUGHTON's 8. 


the 2d foot is 11,948 
the gd foot 1 3 12,047 


Error, or difference 
The mean foot | is 11,989 — 011 —,099 
1 yard; or 18 inches — = 17,946 — , 054 —, 108 
2 yard, or 24 inches „ 5,079 —,118 
7 3 yard, or 27 inches — 00g — 084 
2 yard, or 314 inches — ,057 — ,065 
is yard, or 334 inches — ,085 — ,091 


Entire yard, or g6 inches 
And the mean yard - — Mean — ,076 
And, by so much, Mr. TroucuTon's measure is longest. 
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And the probable error, in the divisions of this old standard, is 
about 188 inch. 


(F. 53-) It may now be Abe to see the comparative 
lengths of these various standards and scales, reduced to one 
and the same measure, viz. Mr. Tnouchrox 's. 8265 
36 inches, on a mean, of Hen. VII. — === SR” 


of 1490, are equal io 35,924 — ,076 03 
D ——— of standard yard of Eliz. of 1888 36,015 —+,015 „04 
—= of standard ell of ditto, of 1588 36,016 7,016 „0% 
— wh epd 9 On. EE: 
9 1680 36,032 —+,092 
. —*of ell bed of ditto, 4. 1660 36,014 +,014 
—#of standard of 2 5 
company, 1671 — 35972 —.028 
—#of the Tower standard, by Mr. RE 0 49 2 
12 18 ene about 1720 22 36,004 +00 
———— of GrRanan' — by S16- a 
FR 4 sox, of 1742, viz. line EK 36 0013 TD 
— — of ditto, ditto, vix. line Exck. = = 35-9933 — - 0067 
V of Gen. Roy's} 
: Ml cones s) scale 
- of Mr. Au- 
 BERT's, ditto, ditto | the and 1760. 1745} 
——— —of Royal So- * n BE 3 3 
ciety's ditto, ditto J =35,99955 — 00045, ,0004 
—— of Mr. Bixp's parliamentary . OS 
. | standard, of 1738 — _— 
Gd — -of Mr. Txoucnron' 8 70. | 
in 1796 - =36,00000 ,00000 0001. 
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1 (36 0036 + 055 ,0003 
all made, pro- | 
| bably, between 


= 35,9980 - — —,00120 ,0006 


f From hence it appears, that the mean length of the standard 
yard, taken from the seven first instances in this table, agrees 
with the quantity assumed by Mr. Bino, or Mr. Tr ROUGHTON, to 
within 4; inch, but that the latter is the longest. 


* These four quantities are taken from Mr. Gran s account, in the Phil. Trans. | 
Vol. XLII. 
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IK. A new Method of computing the Value of a slowly con- 
werging Series, of which all the Terms are affirmative. By 
the Rev. John Hellins, F. R. S. and Vicar of Potter's-Pury, 

in Northamptonshire. In a Letter to the Rev. Dr. Maske- 

lyne, F. R. S. and Astronomer Royal. 


Read March 8, 1798. 


REV. SIR, Potter's- Pury, February 8, 1798. 


. Tar Several of the most curious and difficult problems 1 
physical astronomy have hitherto been solved only by means 
of slowly converging series, is a truth which you are well ac- 
quainted with, and which may be seen in the works of the late 
learned EULER, and others, on that subject. Of this kind of | 
series is the following, viz. ax ＋ b! ＋ c * dæ. Sc. ad 
infinitum, when all the terms are affirmative, and a, b, c, &c. 5 

differ but little from each other, and æ is but little less than - 

1; to obtain the value of which, to seven places of figures, by = 

computing the terms as they stand, and adding them together, 

is a very laborious and tiresome operation; and therefore some 

easier method of obtaining it is very desirable. About five 

years ago, the consideration of this matter was recommended 

to me by Mr. Baron MasEREs, (who not only employs his own 

leisure in explaining and improving the higher parts of the 

mathematics, but also encourages others who make the same 

laudable use of their leisure,) to whom I then communicated 
the method of computation explained in the paper inclosed in 


5 you, requesting that, if it meets with your approbation, you 


the summation of the series mentioned in this letter, that 6b 


that the first, second, third, &c. differences of these coefficients 
should be a series of decreasing quantities: for, you well know, 
there are series of that form, which arise in physical astronomy, 


is evident, from the bare of the theorem which I 
shall presently use. 


+ da* + &c. ad infinitum, in which all the terms are affirma- 
tive, and the differences of the coefficients a, b, c, &c. are but 
small, though decreasing, quantities, and æ is but little less 


cians, both at home and abroad, whose ingenious devices on 
the occasion entitle them to esteem. Of the several methods of 
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this letter. As this method is general, for all slowly conver- 
ging series of the form abovementioned, (which is generally 
allowed to be the most difficult,) I am induced to present it to 


will communicate it to the Royal Society. 


* 


Jam, 
Rev. Sir, Ec. 


JOHN HELLINS. 


"PB. & 1 need not diere to you, , that it is not requisite to 


should be less than a, c less than b, d less than c, Sc. but only 


of which the coefficients are actually a diverging series, and yet 
the sum of the whole is a finite quantity. And the same thing 


1. The computing of the value of the series ar + bac 


than 1, is (as has been before observed) a laborious operation, 
and has engaged the attention of some eminent mathemati- 


the Value of a slowly converging Series. 185 


obtaining the value of this series, which have occurred to me, 
the easiest is that which I am now to describe, by which the 
business is reduced to the summation of two, three, or more 
series of this form, viz. az — bei cr dx, &c. and one 
series of this form, viz. pr ＋ g“ 1 4 Sc. where n is 
== 4, 8, 16, 32, or some higher power of 2. The investigation 
of this method is as follows. 

2. The series az + bz*+ c dæ 4 ex'+ fx + &c. is 
evidently equal to the sum of these two series, viz. 

ar - bc- d' ex'— fr, Sc. 

* Tab“ + edz* * + 2, &c. 
of which, the value of the former is easily attainable, by the 1 
method so clearly explained, and fully illustrated, by Mr. Baron 
MaskRxs, in the Philosophical Transactions for the year 1777 ; 
and the latter, although it be of the same form with the series 
first proposed, yet has a great advantage over it, since it con- 
verges twice as fast. Upon this principle, then, we may pro- 
| ceed to resolve the series 2b ＋ 2d of a* + 2b + 2k1* 
+ 2m z*+ &c. into the two following: 

ab - 2dr + 27 — 2b ＋ 2b — am æ Sc. 
TA =» +4b7 # , Ge. 

where, again, the value of the one may easily be computed ; 
and the other, although it be of the same form with the series 
at first proposed, yet converges four times as fast. And, in this 
manner we may go on, till we obtain a series of the same form 
with the series at first proposed, which shall converge 8, 1 6, 
32, 64, Sc. times as fast, and consequently a few terms of it 
will be all that are requisite. 
An example, to illustrate this method, may be proper, 
which therefore is here subjoined. 
MDCCXCVILI. B b 
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as they stand. For, if we begin the operation with computing 
the value of z — ＋ — - Se. re e ad 


very great; n 5 80 that the new 


. 700 T + 18 — 4 . Sc. yet converges more than seven | 
times as . But, if we begin the work by computing the 
first eight terms * the _ as they stand, and then compute 


the value of = — =+= 17 © +,Sc. ad infinitum, by the Same 


 9.10.11.12? 
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3. _— ge to find the value of the series x +2 
+5 __ + +5 + &c. ad infinitum, when & = A 


4. In order to obtain the sum of this series, with 85 less 
work, it will be requisite to compute a few of the initial terms, 


fore mentioned *, the values of D, D, D ˙, Sc. will be = 5 2 = 


=> Sc. respectively, i. e. 4, 4, 2, Sc. which is a series de- 
creasing so very slowly, that the only advantage obtained by 
this transformation of the series is in the convergency of the 


powers of 2 instead of the powers of z, which indeed is 


10? I+x 


ries . + 4 +4. A although = #5 — 


theorem, the "aw of D/, D, D* Sc. will be So 


Glo ? 94. 11 
2.3 


Sc. which is a series decreasing, : for a great number 7; 


The theorem best adapted to this business is the following; viz. 4 — ba*+ 
ar F 
— dxt, Sec C. 2 — 
% rf UT N = 
. 4 — 35 ＋ 30 — d, SW. 
See Scriptores Logarithmici, Vol. III. p. 290, where b, c, d, — denote the — 
* chat a, b, c, Sc. do here. 


+ &c. D/ being = g 


7 
8 d is = 
- 2 is = et 192 0 is mM 0.47 82969. 
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of its terms, much more swiftly than the powers of In, and, in 
the first seven terms, much more _ than the powers of 
N. The value of the series 5. 55 — 78 | +77; = 1 
wm Sc. is therefore = the Series — 5 1g + Ts: A4 . 


Di + dg; © = 2] + &c. the ai ig terms of which con- 


verge above fourteen times as swiftly : as the other; or, in other 
words, the first seven terms of it will give a result much nearer 
the truth than a hundred terms of the other. And if, instead of 
- the first eight terms of the proposed series, the first twenty- 
four terms were _ as "ou Stand, and then the _ of 


the series = — 5 ＋ 5 7 — Þ -, Sc. by its ww 


ri 


5 2 8 1 
25 75. 1 +4 25. 26 7 "UI +; 25. 26. * 28 a (1+x)* * &c. the 


7 25.26 25. 28 27 Sc. com- 


; rapid decrease of the coefficients 2 
pounded with the decrease of the powers of 7 (in the pre- 
sent case = the powers of ,) produces such a very swiftly 
| converging series, that eight terms of it will give the result true 
to eleven places of decimals. 

It may be further remarked, for the sake of my less expe- 


rienced readers, (for whose information this article is chiefly 
intended, ) that the second term W the last series is produced 


by multiplying the 1 by =- - 7 ; the third, by multiplying 
the second by = =: 1772 the fourth, by multiplying ti the third by 


=. = 75 and so on. If, therefore, the first term be called P, 


the second Q, the third R, the fourth 8, Sc. we shall have, 


\ 2 B b 2 


b * 
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which form is well adapted to 3 nn And, 


devices as have occurred to me for facilitating it. 


5. Since the work of computing the value of the proposed 
series is 80 much shortened, by first finding the sum of a mo- 
derate number of initial terms, and then resolving the remain- 


ing terms into several series, in the manner described in Art. a, 
I will begin with computing the first twenty-four terms of it; 


and, to facilitate this part of the work, I will Separate these 


terms into three parts; vix. 


o 
** ++ + TA TA | =, 
FE +S+ I++ £+$+F+ÞH 
which are evidently equal to 
Ste Þ+ Er F+ IH 
f(D+ +++ E+ + <E+S) 
C+F+F+S+S+S+F+T): 


that a similar form for that purpose may always be obtained, 
when the coefficients of the proposed series are the reciprocals 
of any arithmetical progression, has been shewn by Mr. Siur- 
on, in his Mathematical Dissertations, p-. 64. 
Having premised these observations, I now proceed to the f 
by arithmetical work; in which I shall use, and explain, such other 


N e — TR” 


Nn 


R GGG R 
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which three parts, for the sake of reference, may be called A, 
Br, and Cx. It is evident also, that the numerical values of 
the first eight powers of æ are all that are required for finding 
the sum of these twenty-four terms of the series proposed: for 
Bz*+ Cx“ is = z* (B + Cæ ); and this product + A = the 
sum required“. 15 
The numerical values of the first — powers of x are 
these: 


x 09 

1 = c- 81, 

Z'= 0729, 

2*= 06561, 

4 0'59049, 
= 531441, 

z*= 04782969, 
2*= 0. 43046721 ; Gf 
from which values of the powers of æ, the values of A, B, and 
C, continued to twelve places of decimals, are easily obtained, 
and are as follow. 


r ²˙ . ˙1⅛! nt ̃²˙ MI. ̃ ww — . . ˙ w —— 


The same thing might have been obtained from the first four powers of x, or from 
the first six powers of +; as might likewise the sum of 32, 36, 40, or any other num- 
ber of terms that is a multiple of 4 or 6. But the number 8 is here chosen, for the 
sake of a subsequent use that will be made of the value of x*. 
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8 
5 


og 
= 0405 


0243 
0:16402,5 
O'11 809,8 


- 00885785 
= 0:068g2,81 285,71 


[1 wie, of whe als ex oh 


005g80,840 —__ 


The sum is oa 1=A. 


=0'1 
5 = 0 o81 
= = 0 oba yea. 
—=0 054 7.50000, | 
== = 0 04548,23076,92 
* 
HS = 003796, 0071 4-29 


# 17 =  0:03188,64600,00 


- => 002 690,42 006,25 


The sum is 0:44412,07670,19 = B. 
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- = 0052941 176471 
= = 0*04500,00000,00 
=: = 0:09896,842 10,53 
25 == o og280, 30000, oo 
= = 0'02811 83714, 29 
2 — = 0 2415, 64090, 91 
"i  002079,55178,91 
= 001798,6 1337-50 


pr EET 


The sum is o- ossi, 829i 85 = =. 


We may now quickly find the sum of the first twenty-four 
terms of the series proposed, by two multiplications by z*, and 
two additions, as was pointed out in the former part of this 
article; but, since the labour of these two separate multipli- 
cations may be saved, I shall now proceed to compute the va- 
lue of the remaining terms of 18 * series. 


* 
by The remaining terms are — += _ 54 r 


+= — + Sc. ad infinitum, which, being disposed according to 
the n mentioned | in Art. 2, are evidently equal to æ * there 


3 WY 1 i S2 
27 28 29 30 

27 N : 
* + 23 * + 30 +, &c.; 


the value of f the first of which is very easily attainable, in the 
manner shewn above, in Art. 4. The arithmetical work will 
stand thus: To 
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p \ . 
*.--4 IF. 
Tx — 8 1 > =; 
— . 7⏑——⁵ ß, OO —˙— A oo 


-: - a 
; . 
5 B V 4 — - = a — ́ . 
- 


P = Ta x —— = 0:01894,73684,2 


2222 T 519490 


2 | 
R = * 5 = 0*00001,21121,0 


— * N — 
A — 2 


W= Ar 0'09090,00000, 


The Sum of these terms is 001 01939,53888,5, „ which, for the sake 
of reference, call a. Then we have ar = 11 
4** x : . Se. 


7. The part of 5 n an wed —— to be 


computed, is 1 Xx — TEST 7 7 — 35 3 1 57 77 5 + &c. 


ad infinitum, « or & x: —— — + — — + — — 5 18. ＋ = 4 = 
+ &c. ad infinitum, which may hs be divided into two series, 

in the manner above shewn; but, to obtain a swifter conver- 
gency in the next, as well as the succeeding applications of the 
differential series, it will be convenient first to compute the va- 
lue of four terms at the beginning of this series; which we may 
quickly do, since all the powers of z requisite in that part of 
the calculation are ready at hand, being set down in Art. 5. 
The work will stand thus: 
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3 
* 3 = o o6ag⁰ 7692 3. 1 | 


2 
1 = 0:04686,42857,1 
15 
5 3 
ef 
* 
And the sum is E susa which call D. Then will 
Dr“ = ** + =_ - +} 
8. It now remains to find the value of 2 4 N 2 * 
—— — —+ &c. ad infinitum, or of its equal, 2 x 
the sum of these in Series, 


„ 


Here, again, the value of the first series may easily be computed, 


. nnn 4. irbang = 5. Tr Ta 
” Bel 3.3.2 
Tia + 17.18, 19 ö + 07-66. 19.20 2 + &c. in 


| numbers, 


| MDCCXCVI1II. Cc 


And the sum of these terms is « 0.02702,19108,s — 
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P =— x = — = 0'02632,43418.9 
Q = X ir 7 = —— 


* = * Air = 0:00000,01764,1 


| 60 3 
V = = 5 1 = eee x 


o 00000,00000,4 


— 


9 manage e 


ad infinitum, or its equal, ax: — - + — 1 a — + oc. 
ad infinitum, which i is all that now remains of the 3 | 
series, it will be expedient, first, to compute the two initial 
terms of the series, and then to separate the remaining terms 
of it into two parts, as has been done in the preceding articles. 


These two terms are 
— == o- ago, ooooo, o 
* 


10 


= 004304,67210,0 | 


And their sum is 0:11 594,67210,0 = E. | 
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10. There now remains, of the proposed series, & x : — 
= þ+ —+ A — * + Sc. ad infinitum, = 2® x 
the sum of these two _ | 


NE 2 2's 
14 
2.25 


| 14 
Here, likewise, the value of the series ; which has the signs 4- 


and — alternately, is easily obtained by a swiftly converging 
series, the _ of which are set down here below, the decimal 


value of _ — = —— . being used in the calculation, for the 
sake of _ 

P = = IT * o. 89617, 7876 = = = 003601 56117, 

* f x 0 39617. 7287.6 = = ©'001 18,90906,0 


; \ = EY * 39617 2728.6 = =  0:00007,24708, 2 


8 . x 0996171 7287,6 = 0:00000,61529,3 
Ta EY x 0:39617,17287,6 = 0:00000,06499,7 
U = — x 0:39617,17287,6 = 0.00000,00804,7 


2 


V as T7 x o- 39617, 1728756 == 0:00000,001 12,5 . 


W 22 RAR x 0 296175 7287, 6 = = 0.00000,00017,3 
X — aw * 0.996 17,17287,6 5 = 0:00000,00002,9 


Y= AS x o. 96 17, 17287, 6 = 0:00000,00000,5 


The sum of these terms is | 0:03728,40092,2 = 9. i 
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nn . x* 
2.25 


IT — += £45424 Te. ad infinitum, 


9 


which may wy conveniently be W into 2* x these two 


„ e 


the wh of the first of which will quickly be obtained, by means 
of the theorem which has been repeatedly used in the preceding 
- e. The terms of it are as below, in which the decimal 


. value of —— = | 3 is used, for the reason mentioned i in 
the . article. 


* „% ͤ;ö ̃ N³ĩ²ł oz 66667 
Pe —— x 0 Boche ens = = 0 04298,96717 
Q= = x 0:00g2,77018 = = : © 00161,70979 : 


R === x 0-300g2,77018 = 000010,81399 


8 A x 0'30092,77018 = 0'00000,97027 
12 + * o: googa, 7708 = ==  0:00000,1068g 


U 57 x 0g0092;77018 = 0'00000,01339 E 


V= «0 * ©. 30092,77018 = 0:00000,00186 


= . c 5 5 
= 0 30092, 77018 = 0 00000,00028 


= _ o · 3002, 77018 = 0'00000,00005 


. 258 x 0:30092,77018 = 0:00000,00001 


The sum of these terms is 5 0'21199,25691 = = 6. 
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These now remains, of the proposed series, only æX* 
mw” 2 + = A 4 5 = 4+ = 24 Sc. 66— 


eee * T += + Se. 


may easily be obtained without any abr, since the 


powers of (= the powers of 0:18530,20188,9) decrease 


swifter than the powers of 3. The numerical values of these 
terms are as below. 


7 FOE Ru Ea Mr a TT DEA PIECE 


— 0 ooo, oo 15 
12 

56 

= = 0:00000,00037 


7 TY” p and. "LN. WOT ITN N * N = ns hs OY PR 
oy ITT tin o any sf - h ” 
G | 

Wigs rw” 3 N 0 N N 222888 9 n S 


76 


85 8 3 — coooo, ooo 


11892 


«That = 0' ©00000,00001 


— —— 


The sum of these terms is o: 0 05445-44611 11 F. 
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13. The values of the several parts, into which the proposed 
series has been resolved, being now so far obtained that we 
have only to multiply each by its proper factor, viz. the nu- 
merical value of 2, 3 and add the products together, 
to get the sum of it; this, therefore, is now to be performed, 
And, in this part of the calculation, several multiplications may 
be saved, and no larger factor than z* be used, by attending to 


the method described by Sir Isaac NREwTox, in his Tract De 1 85 


Analysi per Æquationes infinitas; p. 10. of Mr. Joxxs's edition 
of Sir Isaac's Tracts; or p. 250. Vol. I. of Bishop HonsLEVs 
edition of all his works. _The manner in which this is to be 
done will appear, by collectin g the several parts from the pre- 

ceding Articles, and exhibiting them in one view, thus: 


AT Ber C“ a + « + DX e + Exx*+ - +2" +TF Fx 5 
* the sum of the proposed series. Now, 
1st. Calling q ＋ F, z, and multiplying by , we have 2 * 
= 0'26584,70242 x 0 43046,721 = 0:11443,84207,9, 
adly. Putting y + z , and multiplying by 2*, we get 
2" x*= 13172, 2460, 1 x 0:43046,721 = 0:06531,15337,2. 
gdly. Putting e EAN v and multiplying by r, we 
get 8 20827, 1653, 4 x 0:43046,721 = 0.08965, 34770, g. 
itting «+ D + N , and multiplying by, we 
get 2" o 28046,43895,9 X ©. 43046,721—=0: 12073072 32,90. 
 5thly. Putting C + 2” z*= , and multiplying by 2*, we get 
v = 0:38085,19524,75 x 0:43046,721 = 0.1694, 4774,05. 
Naa Putting B + z* , and multiplying by z', we get 
2" x* = 060806, 30444, 24 x 0 43946,721 = 0 26173, 20631, 73. 
Lastly, to this product add A - = 20408, 90298, 21, 
and we have the value of the series proposed = — 2 30258, 30929, 94, 
which is true to twelve . of —ê 
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14. It may not be improper to remark, that this degree of 
accuracy is much greater than is requisite, even in astronomy; 
for which, as well as for most other purposes, six or seven 
places of figures are sufficient: and, to that degree of exactness 
the value of the proposed series might have been obtained, by 
less than a fourth part of the labour that has been taken above. ” 
But it was my intention to show, that the value of a very slowly n 
converging series, of which all the terms are affirmative, may, 

by the method now described, be computed to ten or twelve 

Yuen of figures, in the space of a few Rouen. 
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for January, 1797. 
Time: | Therm. | Therm. . Hy-] Rain. * Winds, | 
without. within. gro- in | | 
| | F VE | , [ | — | 

HM. | „ | «© | | Inches. | | Inches. | Points. Str.. 
18 0 48 30, 39 87 SW | 1 

2 0 51 30, 4085 S8 W [| 1 

2 48 30, 3485 | SSW | 1 
2 50 | 30,29 | 87 | SSW | 1 

8 0 48 30, 31 90 | 0,033 SSW 
12 © 51 | 30,35 90 SSW | 1 

44 50 | 30,33 | 90 SSW | 1 

"8 © 54 30, 2789 SSW | 1 

+ &. * 53 30, 26 90 SSW | 1 

* Wn - 55 | 30,20 | 86| SW | 1 | 
18 ©] 54 | 30,16 | 87 SW | 2 1 
128 5525 | 30,07 | 85 SSW | 2 f 
ibs 53 | 30,07 87 S |2 l 
2 © 55 | 30,04|85| S | 2 N 
18 © 53 29,9286 S | 2 14 
12 © 54-5 | 29-98 | 85 | W | 2 i 
8 © 52 30, 2486 SSW 1 ; 

20 54 30, 2483 SSW | 1 | | 
* kJ Þ | 51,5 30, 11 86 111 | 

2 0 4.5 | 30,03 | 79 SE | 1 FE 
[8 0 +44 70.00 | 8 SE 1 n= 
2 0 54 29,89 87 'SSE 1 mu 
13 © 52 | 29,53] 89| 0,038] S | 2 un 

2'©| 34 [ager[Yy] | $ [2 1 
8 0 7 29-92 87 0,040 | SW | 2 | | 
3 0. | 55 | 39907 | 74] WNW] 2 | 

8 0 52 30, 1785 WSW I 2 1 
1 55 30, 1682 WSW 2 
2. | $3 27 . 1 1 
12 © 56 29,7369 W |: | 
| | D 
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* 7 | 
Six's | Time. erm. Hy-] Rain. | Winds. | 
| 3 71thi | oy | 
1797 [noms — Weather, 
8 Heat. H. M Str. | 
C rw ok 
Feb. 17] 27,5|7 ©| | E 1 Fine. 
"RR © | ESE | 1 Fine. 
18 29 710 | 1 1 Fair. 
46 2 © _ SSE 1 [Fine. | 
ig 29 7 ©| ENE | 1 Fair. 
46.12 © | $S | 1 Fine. - 
26} 238 17 © | NE | 1 Fair. 
+4 2 0 EN EI 1 Fine. 
| 2 0-7 > | EN E| 1 |Foggy. 
WW ES. E I Fine. | 
22 30 7 0 E | 1 Fair. | 
49,8 2 0 SE | 1 Fine. 1 
2 3 47 ©] NE | 1 Cloudy. | 
"TW 12 &] NE | 1 |Foggy. 
24 29 7 Of S | 1 |Fair. 
> {2 © 8 [1 |Foggy. 
25 31,5 7 0 E I Fair. 
e E | 1 Fine. 
26 0 7 0 E | 1 Cloudy. 
W132 Sf E {| 2 Faw 
27 2,67 0; NE | 1 |Cloudy. 
3 „ 
28] 24,5 7 0 NE | 1 |Foggy. 
„ E | 1 Fine. 
E7 £ 
F 
| | Ks 
1 
& * 4 
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——— — 
. | Therm. | Barom. Hy-] Rain. 
within. | gro- 
Kin oh me- 
e 7 | 
1 83201 51 
7 041 29,55 
2 © 52 2 
37 :© 385 56 29,10 84 | 0,210 
2 o| 39 | $57 | 29#13|34| 
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97 ned j | J pl | 

3 Heat. H. M.} o | 0 fa r. 
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[7 © 30 | 53 |2997|83 s 

2 0 38 | 54 29,7785 88 

7 0 35 | 52 29,7383 0,060] NW | 1 

2 0 40 | 53 29¼% 1790 | NW] 

7 ©] -W 52 | 29,22 | 80 WNW] 2 

2 0 45 | 53 | 29-14]73| WNW] 2 
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3 ©. [$1 29.47 844 SSW | 1 

7 of 27 | 49 29,6485 | SSW | 1 
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7 o| 30 | 5o 29.7882 [NE 
1. 01-0: 4.5% | 29978 80 I 
7 @4..20 52 29,52 g1| 0,380] 82 

13 64:30 54 29,66 900 | S | 2 

7 of 5o | 54 29,488 0,102| SW | 2 

2 © | 52 56 | 29,83 |81] [SW 1 

17 © 47 54 | 29,82 | go] 0,020 | SW | 1 

2 0 44 56 29,789 1%/ | NE | 1 
1 7 of 35 | 53 | 29,78|88|0,502] NE | 1 
U 2 Of 37 53 29,6887 | NE [1 
36 [7 o| 49 | 52 29.4490, 145 SW | 1 
| 49 2 o0| 49 | 565 29,4690 SW 2 
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| In Mr. ATwood's Disquisition on the Stability of Ships. | 

| | Path bigs Reis Þ d dele * Situated between wind and water, acco ding to a 
technical expression.“ 
7 Ss I. 22, for + SB, reed + IT 


— . 1. 9, EEE , read fluent of 22 


— 252, |. 255 aſter * Fol add produce XL i in directum, and in ine line 80 pro- | 

| duced. 
254. I. 22, after the words proportion of 3 tos,” instead of the comma | 
insert a colon. 
Page 268, 1.8, for DD'G'GA, read DD'G'GD. 
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x. id Dioquiition « on the Stability of Ships By George 
| Atwood, * F. R. S. 


Read March 8, 1798, 


; | Fa stability of 8 i which ha are de to carry | 


a sufficient quantity of sail, without danger or inconvenience, 


is reckoned amongst their most essential properties; although 
the wind may, in one sense, be said to constitute the power 
by which ships are moved forward in the sea, yet, if it acts on 
a vessel deficient in stability, the effect will be to incline the 


ship from the upright, rather than to propel it forward: sta- 
bility is therefore not less necessary than the impulses of the 
wind are, to the progressive motion of vessels. This power has 
also considerable influence in regulating the alternate oscil- 


lations of a ship in rolling and pitching; which will be smooth 


and equable, or sudden and irregular, in a great measure, ac- 


cording as the stability is greater or less at the several angles 


of inclination from the upright. From constantly observing 


that the performance of vessels at sea depends materially on 


their stability, both navigators and naval architects must, at all 
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judgment of the constructor, and partly by adjustments after 


, mechanics was first applied to the construction and management 
of vessels; whatever principles had been previously adopted, for 
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Mr. ATwood's Disquisition on 


times, be desirous of discovering i in what particular circum=- 


stances of construction this property consists, and according to 


what laws the stability is affected by any varieties that may 


de given to their forma, dimensions, and disposition of con- 


tents; which are determined partly according to the skill and 


the vessel has been set afloat. 
Little more than a century has now elapsed, since the theory of 


regulating their forms and equipment, as well as for directing 
them in the ocean, were the result of experience and observation 


alone: a mode of arriving at truth, however advantageous in 
many res pects, yet not entirely to be relied on in this instance, 


for explaining satisfactorily, and reducing to system, pheno- 


mena depending on the intricate combination of causes whieh 
influence a vessel's motion, and equilibrium, at sea. The theory 
of mechanics is known to explain all effects that can arise from 
the action of forces, however complicated, of which the quan- 
tities and directions are defined with sufficient precision. This 
science, having been greatly extended, and successfully em- 


ploy ed, by Sir Isaac NEwTok, in the investigation of causes 
requiring the most profound research, would naturally be re- 


sorted to, for a solution of many difficulties that occur in the 


theory of naval architecture, which could not be obtained from 
any other mode of considering this subject. The practice of 
ship building having been many ages antecedent to the dis- 
covery of the theory of mechanics, one object of theoretic 
inquiry must necessarily be, to explain the principles of con- 
struetion and management which experience and practical 
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observation have previously discovered; distinguishing those 
which are founded in truth and right practice, from others 
vrhich have been the offspring of vague and capricious opinion, 
misinterpretation of facts, and unfounded conjecture, by which, 
phenomena arising in the practice of navigation are often at- 
tributed to causes entirely different from those by which they 
are really governed. It is also the object of mechanic theory 
to investigate, from the consideration of any untried plans of 
construction, what will be the effect thereof on the motion of 
vessels at sea; also to suggest new combinations, by which 
the approved qualities of vessels may be extended, their faults 
amended, or defects supplied. These several objects, and others 
connected with them, have employed the attention of many 
eminent theorists, by whose discoveries naval architecture has 
been greatly benefited ; yet the progress made toward esta - 
blishing a general theory, founded on the laws of motion, has 
not been adequate to what might be expected from the abi- 
lities of the writers on this subject, and the laborious attention 
they have bestowed upon it. Although all results deduced by 
strict geometrical inference from the laws of motion, are 
found, by actual experience, to be perfectly consistent with 
matter of fact, when subjected to the most decisive trials, yet, 
in the application of these laws to the subject in question, dif- 
ficulties often occur, either from the obscure nature of the 
Conditions, or the intricate analytical operations arising from 
them, which either render it impracticable to obtain a solu- 
tion, or, if a result is obtained, it is expressed in terms so 
involved and complicated, as to become in a manner useless, 
as to any practical purpose. These imperfections in the theory 
of vessels, are amongst the causes which have contributed to 
D d 2 
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retard the progress of naval architecture, by increasing the 
hazard of failure in attempting to supply its defects by expe- 
riment; for, when no satisfactory estimate can be formed 
from theory, of the effects likely to ensue from adopting any 
alteration of construction that may be proposed, doubts must 
necessarily arise respecting its success or failure, which can be 
resolved only by having recourse to actual trial: a species of 
experiment rarely undertaken under the impressions of uncer- 
tain success, when the objects of it are so costly, and otherwise 
of so much importance. To the imperſections of theory, may 
also de attributed that steady adherence to practical methods, 
rendered familiar by usage, which creates a disposition to re- 
| ject, rather than to encourage, proposals of innovation in the 
construction of vessels : the defects or inconveniences which 
are known, and have become easily tolerable by use, or may 
perhaps be the less distinctly perceived for want of comparison 
with more perfect works of art, being deemed preferable to 
the adoption of projected improvements, attended by the dan- 
ger of introducing evils, the nature and extent of which cannot 
be fully known. These are amongst the difficulties and dis- 
| 3 which have concurred in rendering the progress of 
improvement, in the art of constructing vessels, extremely slow, 
and have left many imperfections in this practical branch of 
science, which still remain to be remedied. In respect to the 
theory of vessels, it would be giving that term too narrowed 
a meaning, to consider it as derived solely from the laws of 
mechanics; every notion or opinion which may be applied to 
explain satisfactorily the phenomena depending on a vessel's 
construction and qualities, so as to infer the consequences of 
given conditions, independently of actual trial, whether it ori- 
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ginates from experience alone, or from investigations founded 
on the laws of motion, is to be regarded as forming a part of 
this theory, in which, a constant reference to practice is so 
essentially necessary. For, although many principles are de- 
ducible from the laws of mechanics, which it is probable that 
no species of experiment, or series of observation, however 


long continued, would discover, yet there are others, no less 
important, which have been practically determined with suf- 
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flicient exactness, the investigation of which it is scarcely pos- 
sible to infer from the laws of motion; the complicated and 
ill defined nature of the conditions, in particular instances, 


rendering analytical operations founded on them liable to un- 
certainty. Since the practice of naval architecture depends so 


materially on the knowledge of the causes which influence 


the motion of vessels at sea, much benefit may probably be 


derived from the extension of well founded principles, both by 


attentive observation of the qualities of vessels, compared with 
their construction, as well as by investigation of the effects 
arising from particular modes of construction, depending on 
the laws of statics and mechanics, whenever the conditions 
admit of inferring principles which are clear and satisfactory, 
and easily applicable in practice. With a view to these ob- 


jects, so far as regards the theory of n, the ensuing 


nnn has been written. 
When a ship, or other floating body, is deflected from its 


quiescent position, the force of the fluid's pressure operates to 
restore the floating body to the situation from which it has been 


inclined. This force is distinctly described, in a treatise written 
by the most celebrated geometrician of ancient times, who 
uses the following argument for demonstrating the position in 
which a parabolic conoid will float permanently in given cir- 
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cumstances. To shew that this solid will float with the Aris 
inclined to the fluid's surface at a certain stated angle, depend- 
ing on the specific gravity and dimensions of the solid, he de- 
monstrates, * that if the angle should be greater than that which 
he has assigned, the fluid's pressure will diminish it; and that, 
if the angle should be less, the fluid's pressure will operate to 
increase it, by causing the solid to revolve round an axis which 
is parallel to the horizon. It is an evident consequence, that 
the solid cannot float quiescent with the axis inclined'to the 

fluid's surface, at any angle except that which is stated. The 
force which is shewn in this proposition, to turn the solid, so 
as to alter the inclination of the axis to the horizon, is the 
same with the force of stability; the quantity or measure of 
which, ARCHIMEDEs does not estimate; nor was it necessary 

to his purpose, since the alteration of inclination required to 
establish the quiescent position, may be produced either in a 
greater or less time, without affecting his argument. It 
does not appear, that this method of determining the float- 


similar conclusions in respect to solids of any other forms, 
nor to determine any thing concerning the inclination or 
_ equilibrium of ships at sea, which require the demonstration, 

not only that a force exists, in given circumstances, to turn 
the vessel round an axis, but also the magnitude or precise 
measure of that force. M. Bovcves, in his treatise intitled 
„ Traite du Navire, has investigated a theorem for esti- 
mating the exact measure of the stability of floating bodies. 
This theorem, in one sense, is general, not being confined to 
bodies of any particular form; but, in respect to the angles of 


„ ARCHIMEDES de iis gue in humido vebuntur. + Livr. ii. sect. 2. chap. 8. 


ing positions of bodies was afterwards extended to infer 
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inclination it is restrained to the condition that the inclina- 
tions from the upright shall be evanescent, or, in a practical 

nse, very small angles. In consequence of this restriction, 
the rule in question cannot be generally applied to ascertain 
the stability of ships at sea; because the angles to which they 
are inclined, both by rolling and pitching, being of consider- 
able magnitude, the stability will depend, not only on the con- 
ditions which enter into M. Boucuex's solution, but also on 
the shape given to the sides of the vessel above and beneath 
the water-line or section, of which M. BougGuer's theorem 
takes no account. But it is certain that the quantity of sail a 
ship is enabled safely to carry, and the use of the guns in 


rough weather, depend in a material degree on the form of 


the sides above and beneath the water-line ; this observation 
referring to that portion of the sides only which may be im- 


- mersed under, or may emerge above, the water's surface, in 


consequence of the vessel's inclination ; for, whatever portion 
of the sides is not included within these limits, will have no 
effect on the vessel's stability, the centres of gravity, volume 
of water displaced, and other elements not being altered. By 
the water- section is meant, the plane in which the water's sur- 
face intersects the vessel, when floating upright and quiescent ; 
and the termination of this section in the sides of the vessel is 
| termed the water-line. A general theorem for determining 
the floating positions of bodies is demonstrated in a former 
paper, inserted in the Phil. Trans. for the year 1796, and ap- 
plied to bodies of various forms: the same theorem is there 
shewn to be no less applicable to the stability of vessels, taking 
into account the shape of the sides, the inclination from the 
upright, as well as every other circumstance by which the 
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otability can be influenced; T6 infer, from this theorem, the 
stability of vessels in particular cases, the form of the sides, 

and the angle of inclination from the perpendicular, must be 
given. These conditions admit of great variety, considering 
the shape of the sides, both above the water-line and beneath 
it; for we may first assume a case, which is one of the most 
simple and obvious; this is, when the sides of a vessel are pa- 
rallel to the plane of the masts, both above and beneath the 
water. line; or, secondly, the sides may be parallel to the masts 

under the water-line, and project outward, or may be inclined 
inward, above the said line; or they may be parallel to the 
masts above the water-line, and inclined either inward or out- 
ward beneath it; some of these cases, as well as those which 
follow, being not improper in the construction of particular 
species of vessels, and the others, although not suited to prac- 
tice, will contribute to illustrate the general theory. The 
sides of a vessel may also coincide with the sides of a wedge, 
inclined to each other at a given angle; which angle, formed 
at an imaginary line, where the sides, if produced, would inter- 
sect each other, may be situated either under or above the 
water's surface. To these cases may be added, the circular 
form of the sides, and that of the Apollonian or conic para- 
bola. The sides of vessels may also be assumed to coincide 
with curves of different species and dimensions, some of which 
approach to the forms adopted in the practice of naval archi- 
tecture, particularly in the larger ships of burden. And lastly, 
the shape of the sides may be reducible to no regular geome- 
trical law; in which case, the determination of the stability, 
in respect to a ship's rolling, requires the mensuration of the 
ordinates of the vertical sections which intersect the longer 
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axis at right angles; similar mensurations are also required 


for determining the stability, in respect to the shorter axis, 
round which a vessel revolves in pitching. In order to de- 


20g 


tions, both in form and magnitude, from head to stern of the 
vessel, has not been considered; the sections being supposed 
equal and similar figures, such as they in reality are, near the 


nation, the stability is inſerred which actually exists, when the 
form and magnitude of the sections alter continually, from one 


in the practice of naval architecture, or may contribute to 
remove imperfect or erroneous notions which have been en- 


the Author will be accom plished. 


U 


Let WBCOFAH (Tab. VIII. fig. 1.) represent a vertical 


the area immersed under water. Suppose the vessel to be in- 

clined from the · perpendicular, through the angle ASH, $0 

that the intersection of the vessel by the water's surface, which 

before coincided with BA, shall now coincide with the line 
MDCCXCV1II. Ee 


extremity of the vessel to the other. The consideration of 
the cases which have been here stated, with inferences: and 
observations thereon, is the subject of the ensuing pages; in 

which, if any ideas are suggested which may be at all useful 


section of a vessel floating quiescent and upright, and inter- 
sected by the water's surface in the line BA: BCOFA will be 


scribe distinetly these several cases, the variation of the sec- 


greatest seetion of a ship, growing smaller, and altering their 
form, toward the head and stern. But, before this alteration 
can be taken into account, it is necessary first to ascertain the 


stability corresponding to a vessel or segment, in which the 
sections are equal and similar figures; from which determi- 


tertained respecting a principal branch of it, the intention of 
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CH: the area nder water mall none bg. COFAN, e the 
area BCOHA. G3 1523 


Let the section WBCOFAY, Py all Pg” ap err ary wg 


tions -intersenting; the longer axis at right angles, be aszumed = 
similar and equal figures, projected on the plane WBOAH : in 


consequence, the area B OR will be te the area ASH, as the 


entire volume immersed is to the volume immersed by the 
vessel's inclination. Moreover, if E i is the centre of gravity of 
the area BOA, that point will truly represent the centre of 
gravity of the volume immersed, when the vessel is upright: 


if the centre of gravity of the immersed area COFAH, when 


the vessel is inclined, should be situated at Q. that point will 
also coincide W ith the centre of gravity of the corresponding 7 


displaced volume. For these reasons, the spaces BOA, ASH, 


COF AH, will be denominated, in the Sewing 8 
ſerently, areas or volumes. 


Let G be the centre of 8 of the __ term, 


l and its contents, of every kind, are always under- 
stood to be implied. Through G, draw G U parallel to CH: 
and through Q, draw Q perpendicular to C H. When the 


Ship is inclined round the longer axis, through the angle ASH, 


the fluid's pressure acts in the direetion of the vertical line 
22. with a force equal to the vessel's weight; and the sta- 
bility or effect of this force, to turn the vessel round an axis 


passing through G, perpendicular to the plane B OA, will be 


greater or less, according to the magnitude of the line G Z. 


or distance from the axis at which the force of pressure acts. 
In the same vessel, the weight not being altered, the stability, 
at different angles of inclination from the upright, will be truly 
measured by the line G Z; and, in different vessels, or in the 
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33 differently laden, e e ho abs 
by the weight of the vessel and the line G Z jointly. The 
weight of any vessel (including the lading) is equal to the 
weight of water displaced by it; which will be obtained by 
measuring the solid contents of the displaced volume, and 
from knowing the weight of a given portion of sea water, such 
=- as. wi foot, which weighs 64 pounds: avoirdupois. The 
vessel's weight being thus obtained, the determination of the 
ending whatever be its form or 1 from the upright, 
requires only that the line G Z shall be known, or the pro- 
eee OT IO eee en e e 
line BA, shall be ascertaind. 

A general method of convirctivig this ling Is demonstrated 
in the Phil. Trans. for the year 1796, but is there principally 
applied to the floating position of bodies; its use in inves- 
tigating the stability of vessels is incidentally mentioned, and 
in general terms, rather than as being itself a subject of dis- 
quisition. This theorem is founded on supposing the centres 
of gravity of the several volumes BOA, COFH, ASH, BSC, 
(fig. 1.) to be given in position; an assumption allowable in 
demonstrating a general theorem: but, in applying it to the 
stabikty of particular vessels, it becomes necessary that the 
positions of these points should be absolutely found, and the 
results combined with the other conditions, to infer the mea- 


attended with much difficulty, and in others, is not prac-: 
ticable by any direct methods; an instance, amongst many 
that might be mentioned, in which the particular application 
is more difficult than the general demonstration of propo- 
sitions. The following constructions and investigations are 
E e 2 


sure of stability; a determination which, in some cases, is 
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principally inferred from the general theorem for ascertaining 
the stability of floating bodies; which is here gubjoined, to 
avoid the necessity of future references, as well as for the 
purpose of * more ä the 3 which fol- 
low it. 
i Let M (ag 1) Kan ehen ei thi waking: ASK, 
which has been immersed under water, and let I be the centre 
of gravity of the volume B S C, which has emerged above the 
water's surface, in consequence of the vessel's inclination; 
through the points M and I, draw the lines ML, IK, per- 
pendicular to the line CH, which coincides with the waters 
surface when the vessel is inclined : through E, the centre of 
gravity of the displaced volume BOA, draw EV parallel and 
equal to KL, and through G draw GU parallel and GR perpen- 
dicular to CH; according to the theorem, the line ET will be 
determined by the following proportion. As the total volume 
displaced BOA is to SAH, the volume immersed in consequence 
af the inclination, so is KL or EV to ET; and, since the angle 
E is equal to the vessel's inclination- ASH, and the dis- 
tance GE is supposed to be given, the line ER will be known; 


— because ER is to GE as the sine of the angle EGR to radius; 


ER being subtracted from ET will leave RT © or GZ, equal 
to the measure of the 'vessel's stability. : 
| Suppoze the line K L to be denoted as the letter b: let 
the volume ASH be represented by A, and the volume BOA 
by V. Then, according to the theorem, since V: A::::6: 
E T, it follows that ET = . and if GE is put = _ and s 
= the sine of the angle to which the vessel is inclined, radius 
being = 1, ER will be = La and the measure of the ves- 


er RT or GZ = + —ds. 
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Through the points C and H, (fig. 1.) let the lines CF, 
WII. be drawn parallel to BA. The position of the points 
M and I, the magnitude of the line KL, and the areas or 
volumes ASH, BSC, being the same, whatever alteration 
may take place in the volume V, or the entire volume dis- 
placed, the quantity KL x area ou = bA will. remain 
the same : and, since the line ET = T Toit will follow, f that ; 
the zone WHFC, = 
eine x not 9 * altered, ET will 
de in the inverse proportion of V, or the total volume dis- 
placed. If, therefore, the shape of the vessel under the line CF 
should be any how changed, so as to coincide with another 
figure, suppose CcfF, (fig. 2.) instead of COF, (fig. 1.) the 
volume Ce F being equal to the volume COF, the line ET 
will be the same in both cases. In consequence of this change 
ol figure, the position of the point E, (fig.1.) or centre of gra- 
vity of the volume BOA, may be situated higher or lower in 
the line OD; yet, if the centre of gravity G is S adjusted by 
ballast, or other means, that the distance GE shall be the 
same, the stability of each vessel, BCO A (fig. 1.) and BC cfA 
(fig. 2.) will be perfectly the same, when inclined to the same 
angle ASH from the upright.” It must also be observed, 
that since E T is always greater in the same proportion in 
which the volume immersed BOA is less, the zone WHCF 
being both in magnitude and form the same, having found 
by construction or calculation the value of the line E T cor- 
responding to any given volume displaced, suppose v 
BCoA, (fig. 1.) the line E 7 corresponding to any « other mag- 
nitude of volume displaced, suppose v = BCV w 1 FA, (fig. a. * 
will be immediately inferred ; for, since V. v:: Ef: ET, it 
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follows that f. XTAY or because ET = 57, by subotitu- 


tion, E 1 For these reasons, the determination of sta- 
bility does not require that the form of the entire volume 
displaced should be given, but the form only of the zone 
WC HE, (fig. 1. and 2.) including the angle of the vessel's 

inclination ASH; these conditions, together with the mag- 
Al of the immersed volume, and the distance between the 
two centres of gravity 8 and E, are sufficient for finding 
the measure of stabil ity, at any Fen angle of inclination 
from the upright. As 


| i CASE 1. 3 


The aden of a 1 ———— plane of the mat, 
both above; and beneath the water-line. 
BCOAH (fig. 3) coincides with the vertical Section of 
a, vessel when it floats upright and quiescent, and is inter- 
 segted by the water's surface in the line B A; the sides QC, 
H D, are parallel to each other, and to the plane of the masts 
wo, and are therefore perpendicular to BA. G is the centre 
of gravity of the vessel; V represents the magnitude of the 
volume immersed under the water; the centre of gravity of 
this volume is situated at E. Suppose the vessel to be in- 
clined from its quiescent position through any given angle, 
it is required to express, by geometrical construction, the mea - 
sure of the vessel's stability, when thus inclined. Bisect B A 
in the point 8, and through S draw CS H, inclined to BA, at 
the given angle of the vessel's. inclination from the upright. 
Bisect BC in F, and AH in N; and join SF and SN. In the 
line SF take SI to SF as 2 to g; also, in the line SN, take 


SM to SN as 2 to g. Through the points I and M. draw IK, 
ML, perpendicular to CH. Through the point E, draw EV 
parallel and equal to KL. In the line EV, take ET to Ev, 
in the proportion which the volume ASH bears to the entire 
volume displaced. Through G, draw G U parallel to C H; 
and through T, draw TZ perpendicular to GU. GZ is the 
measure of the vessel's stability. The demonstration of this 
construction evidently follows from the general theorem. 
From this construction, the value of G Z, or measure of the 
vessel s stability, may be investigated analytically, and ex- 
pressed in general terms. Through G, draw GR perpendi- 
cular to EV. Let BA=t, GE d, the angle ASH=S; 
radius = 1. The rules of trigonometry give the following de- 
terminations. AN = EIS SN = l _ 
Also, as SN: HN: : ane N HS an. NSH, or = x 


5 | I 
A+ tang” S: „ cos. S.: ein. N SH. Wherefore 


= _— 7 Ws 3 YL 
sin. en ee. cos. NSH 1 —— 


4+ tang . 8 


2 + $ec.*$ +,cos.2S __ 2 ab 
E + + rang (because 2 x cos. S x sec. S = 2) 


| dec. 8 + cos. 4 
consequently cos.NSH = 7 TIT I 


tion, SM==SN, and SN =—x, ang 8.8 1 

„HA + ung S, and SLA + tang "Sx | 
$ec..S + cos. S - &# 

— eee. 8 ＋ 005 S : and the triangles 8 L N, 

S IK being similar and equal, K L= =2SL: Wherefore 


K L = x Sec. S + cos. S EV. r 


As H= representing the volume immersed by e 
vessel's Wann and ed construction, 


And since by construc- 
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AV; volume ASH: : IAC ET. or 


A 4 2100 24 | 
WT, v 2 5 x 6-8 + 0s. 8: ET; as wil give 
* C3 C35 1 2 fy . n ky | | 
LEE ITS ==] : and because 


11:2 BR:EG 5: Un. 2 1, n EG = d. it follows, that 
ER A in 8 and therefore RT, or the measure of the 


vexxel's stability GZ ar , cos. S + sec. 8 - dx sin. 8. 


To exemplify this determination by referring to a particu- 
lar case, let the vessel s breadth at the water's surface, or BA, 
de divided into 100 equal parts, and let GE be 1g thereof ; 
so that ? = 100, and d = 1g. Suppose the inclination of the 
vessel from the perpendicular, or ASH, to be 15, 8; and 
let the area BCO DA, representing the volume displaced, 
be equal to a square of which the side is = 60; so that the 
area V shall = 3600: then, referring to the zolution, we 
obtain 22 


5 "a4 = nos 
rr I 

Algo Pings e — $101g 
ETA. 2.0012 x g. 10190 = 6. 206g 
dx ein. S= 13 x 8in .15* = 3-3646 


measure of stability, or GZ . 8417 

1 appears by this result, that when the vessel hs been 
inclined from the upright through an angle of 137, the direc- 
tion of the fluid's pressure, aoting to restore the quiescent 
position, will pass at a distance estimated horizontally from 
the axis = 2.84, when the breadth BA = 100. And this will 
de true, whatever be the length of the axis. 
The fluid's pressure is the weight of water displaced, the 
magnitude of which depends both on the area of the vertical 
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sections, and length of the axis: suppose this weight to be 
1000 tons; according to the preceding determination, the sta- 
bility of the vessel, when inclined from the upright to an angle 
of 15, will be a pressure equal to the weight of 1000 tons, act- 


ing at a distance of ZE parts of the breadth B A from the 


axis, to restore the veael to the position from which it has 
been inclined. This force is the same as if a pressure of 


1222223 = 56.8 tons, should be applied to turn the vessel at 


Dr --] 
the distance of zo from the axis: if therefore the wind, or other 


equivalent power, should act on the sails of the vessel with a 


force of 56.8 tons, at the mean or average distance of 30, or 4 


the breadth BA from the axis, to incline the ship, the force of 
stability will just balance it, so as to preserve an equilibrium; 


the vessel continuing inclined from the upright at the angle of 


13. If the wind's force should be less, the inclination must 
necessarily be diminished ; if greater, it must be increased, 
until the two forces balance each other. Here it is to be ob- 


served, that the force of the wind is estimated in a direction 


which 1 is * to the pans of the masts.“ 


0 In chis and the following numerical as. in order to bring into comparison 


the effect of giving different forms to the sides of vessels, their weights, and all the 
other conditions (the figure of the sides excepted) on which the stability depends, are 


assumed to be the same. The measures of stability are compared, both by the relative 


distances from the axis at which a given pressure, equal to the vessel's weight, acts to 


turn the ship round the longer axis, and by the relative equivalent weights which act 


at a given distance from the axis. By the latter method, the proportions of stability 
are perhaps more distinctly expressed than by the former, although both are essen- 
tially the same. 
The mechanical force employed to incline a vessel from the upright, through any 
given angle, for the purpose of examining and repairing the bottom of a ship, is to 
be ascertained from the theorems here given for expressing the measures * _ 
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CASE II. 


The Sides of a * project outward above the water-line, 
and are parallel to the masts under the water-line. 
The line B A (fig. 4.) represents the intersection of the 
water's surface with the vessel, when floating upright. The 


lines PC, QW. are parallel to each other, and to the line XO, 
which coincides with the plane of the masts, and bisects the line 
BA1 in the point D; BO and AW, which are parallel to the 


e mast coincide with the sides of the vessel under 
e W ine; and BV, AH, which project outwards from 
the ol of the masts, at the angle'QAH, or YBP, are the 


sides of the vessel above the water-line. C H represents the 
intersection of the water's surface with the vessel, when in- 
elined from the perpendicular, through a given angle OPQ = 
ASH. The distance G E, between the centres of gravity of 
the vessel and of the volume displaced, and the magnitude of 


that volume being supposed known, and the angle QAH, at 


which the sides AH, BY, are inclined to the plane of the masts, 
being also known, it is required to ascertain, by geometrical 


construction, the measure of the vessel's stability, when the 


which is exactly equal to the force to be applied for that purpose. Another method 


of inclining a vessel (well adapted for making experiments on this subject) is, by ap- 


plying a timber at right angles to the plane of the masts. If a weight be affixed to 


one of its extremities, from having given the weight so applied, and its distance from 
the plane of the masts, together with the other conditions which determine stability, 


the angle of inclination, through which the ship will be inclined, may be determined 


by the theorems in these pages. The same inferences may be obtained, from having 
given the weights and spaces through which the guns are run out on one side, and 
drawn in on the other, instead of the weight affixed, according to the method last 


described. 


6 5 „ oo ety 4: Dro” 60 Gee, 4 a. Re 1. Stn... oo: ee 24 + — . . 
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vessel is inclined from the perpendicular, through an angle 
equal to the angle OP. 
At whatever angle the vessel may be inclined from the per- 
pendicular, the total volume immersed must always remain the 
same, while the vessel's weight continues unaltered. Where 
fore, the volume which has been immersed, or ASH, must be 
equal to the volume BSC, which has emerged from the water, 
in consequence of the vessel's inclination. For this reason, and 
because the side AH projects outward, while the side BC is 
parallel to the plane of the masts, it must necessarily happen, 
that the point S will not in this case bisect the line BA, as it 
did in the preceding construction, but will be removed nearer 
to the side AH, which has been immersed by the inclination 
of the vessel. Previously, thereſore, to any consideration of 
the stability, it will be necessary to define the position of the 
point S in the line AB, so that a line CH, being drawn 
through S, at a given angle of inclination to AB, equal to that 
of the ship's inclination from the perpendicular, shall cut off 
the area ASH equal to the area BSC. 
Let the given angle of inelination be OPQ EO to ASH 
(fig. 4.) : the angle QAH, at which the sides of the vessel are 
inclined outward from the plane of the masts above the water- 
line, is supposed to be given: this angle + go* will be the angle 
SAH, which is therefore a known quantity: the remaining 
angle SHA, in the triangle ASH, will likewise be known. 
Through the extremity B of the line BA, (fig. 5.) equal to 
the vessel's breadth at the water-line, draw the indefinite line 
BU inclined to BA, at an angle ABU equal to OP: in BU, 
take any point O, and, in the line BO, set off BD to BO, as the 
cosine of the angle ABU to radius. In the line BD, take BE to 
BD, as the sine of the angle BAU is to radius: also take BF to 
F-5-8- 
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BO, as the sine of the angle AUB to radius. Let BG be taken 
a geometrical mean proportional between the lines BF and BE; 
and from the point G, in the direction of the line GU, set off GZ 
equal to BF: join AZ; and, through the point G, draw G8 
parallel to ZA, intersecting BA in the point S. Through 8, 
draw the line CH parallel to BU: the area ASH will be _ 
to the area BSC. 7 

Since, in the triangles ASH, BSC, the angie ASH is equal 
to the angle BSC, the areas of the triangles will be in a ratio 
compounded of the ratios of the sides, including the equal 
angles; that is, the area of the triangle ASH, will be to the 
area of the triangle BSC in the ratio of SA x SH to SB x 
SC. By the construction, the angle ASH = the angle ABU 
= OPQ; and the angle AHS = the * AUB; — by 


construction, 
BO: BD :: rad. : cos. ASH. 
Also BD: BE:: rad. : sin. SAH. 
And BF : BO: : sin. AHS : rad. 5 
| Joining these ratios BF : BE :: sin. AHS x rad. : cos. ASH x sin. SAH. 
But, by the construction, and by the similarity of the triangles, 
'BGS, BZA, BF or GZ: BE* : : BF* : BG®: : GZ: BG: : SA* : SB*: 


Wherefore SA® : SB*: : sin. AHS N rad. : cos. ASH & in. . SAH. 


And by trigonometry SH : SA : : sin. SAH sin. AHS; 
7 and SB : SC : : cos. ASH a. 
joining these ratios SA xSH : SBxSC::rad, : rad. 5 


But the area ASH is to the area BSC as SA x SH to SB * 
SC; consequently, the area ASH is equal to the area BC. 
To proceed with the construction of the second case. 

Through the point 8, (fig. 4.) determined by the preceding 
construction, draw the line CH inclined to BA at the angle 


Because the ratio of BE to BG is equal to the ratio of BG to BF, by the construc- 
tion, it will follow that the ratio of BE to BF is double the ratio of BE to BG. 
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ASH, equal to the given angle OPQ: when the vessel is inclined 
from the perpendicular through this angle, it will be inter- 
_ sected by the water's surface coinciding with the line CH. 
Bisect B C in F. and AH in N; and join SF, SN: take SI 
to S F, as 2 to 3; and 8 M to SN, in the same proportion. 
Through I and M, draw the lines IK, ML, perpendicular to 
CH. Through the centre of gravity of the vessel G, draw 
GU parallel to CH; and through the centre of gravity E, of 
the displaced volume B OA, draw EV parallel and equal to 
K L; and in EV take ET to E V, in the same proportion 
which the volume ASH bears to the entire volume displaced 
BOA. Through T, draw T z perpendicular to GU. GZ is 
the measure of the vessefs stability. 
To obtain an analytical value of the line GA, for brevity, 
let the sine of the angle ASH be denoted by s, when radius 


is = 1, make sin. HAS =a; sin. AHS=b; sin. S CBS c. 
Let G E = d. Also, let the entire volume displaced = V. By 


| the rules of n it is found thi that 


e EEE ASH. 


The area SCB or ASH Tail 


ASH 59 2 15 N _ 
Wherefore T2 x/ 4 4+ x 2x7 . =; 


RO 2 = x cos-ASH + sec. "ASH, If the breadth BA 


* When the angle e BS; Ar dee 8; in which case, if c is 


put cos. 8, 51. x / 4+» 6 but 4 += =4 + tang.*$ x sin.“ 8 = 4 + 


tang.* S—tang.*S x TUBE FREE) the Tee . Wherefore SL = 
SA 


J * cos. C08. 8 Þ Sec. S. 


1 
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be represented by the letter t, it is inferred, from che construc- 


5 : t tx VAT 
tion in p. 220, that SA = — TELE and SB=—= 7 The 


value of the line ET having been thus determined, if ER d x 
sin. ASH or ds be subtracted from it, the result will be G2. 
the measure of the vessel's stability. 


Suppose the sides BY, AH, (fig. 4.) to project outward, at an 


angle of 15 inclination to the parallel sides BC, AW, so as to 


make the angle SAH = 103. Let the vessel's inclination from 
the upright be the angle ASH =159; and therefore AHS=60", 
and SCB = 757. Let the breadth BA or t = 100 equal parts, of 


which d or GE = 19. Then, by calculating from the analy- 
tical values just determined, it is found that KL=SL + SK = 


68,017 : the area ASH = $47.44, and the entire volume 


immersed V, being, as in the former case, = 3600, ET = 
= LEH = 6.57. And, since ER or d x sin. ASH is = 


g. 36, if the latter value be subtracted from the former, the re- 
sult will be GZ = g. 21, or the measure of the vessel's Stability. 


The force of stability, to restore the vessel to the upright po- 
sition, will be precisely the vessel's weight, or fluid's pressure, 


acting in the direction of a vertical line, which passes at a dis- 
tance of g. 20 from the axis, estimated in a horizontal direction. 


And this force is equivalent to, and will counterbalance, = 


9 


parts of the vessel's weight, applied to act in a contrary direc- 
tion, at the distance of 30 from the said axis. So that, if the 


vessel's weight should be 1000 tons, the force of stability would 
balance a weight or force of -— L000 


act at the distance 30 from the axis. 


= 64.2 tons, applied to 
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CASE III. 


The sides of a vessel are inclined inward above the water- 
line, and are parallel to the plane of the masts under the water- 
line. 

AH, BY, (fig. 6. are the Sides of a vewel inclined inward 
above the water-line BA, at an angle HAQ = YBP from the di- 
rection of the sides AW, BC, under the water-line, which are 
parallel to each other, and to the plane of the masts. Suppose 
the vessel to be inclined from the upright, through an angle 
= OPQ. By the construction, (p. 220.) draw the line CH 
intersecting BA, in a point S, at an angle ASH equal to 
the given angle OP: $0 that the area ASH shall be equal 


the given angle OP, it will be intersected by the water's 
surface in the line CH. The construction of the line GZ, or 
measure of the vessel's stability, i is the same as in the mommy 
_ 

Let the sine of ASH = 5; sin. SAH a; sin. SHA = =b; 
sin. SCB c to rad. = 1. Also let GE d. 

From the rules of trigonometry, it is inferred that 


KLmion eta ETD 
+ SB x 00s. ASH Þ sec. ASH. 
The area SBC or ASH = == ASH 


If, therefore, the total volume immersed 18 made = = V, the 
value of the line ET will be 


SA x SB* x tang. ASH — — 
ET === _ S „ — 2 "Mm 


- to the area BSC. When the vessel has been inclined through 


2 wth t x VA : T 
sion SA = 7 and a = 22S. t being = the 
breadth BA. 


The value of ET having been thus obtained, if ER d 
sine AS H be subtracted from it, there wa remain the value of 
GZ, the measure of the vessel's stability. 
Suppose the vessel's s inclination from the perpendicular, or 
ASH, to be = 15, let the inclination of the sides inward above 
the water-line, from the direction of the parallel sides under the 
water, or HAQ = 15"; therefore SAH = 75, and SHA = go, 


making BA =, and, applying these conditions to the analyti- 


cal value just determined, it is found that KL = 63. 530; the 
area ASH = = 323-42 ; and the volume immersed, or V, being 


assumed = = 3600, as in the preceding cases, ET = 6s. 224 £32242 | 


| = 3.89. Subtracting from this, ER = 9.36, there will remain 
GZ = 2.53, or the measure of stability. If the vessel's weight 
should be 1000 tons, the force of stability will be 1000 tons, 


: acting to turn the vessel at a distance of —2= 53 parts of the breadth 


BA from the axis; which is equal to 2 force or weight of 
1000 X 2.53 
— nn 
30 from the axis. 


= : 50. 6 tons, acting to turn the vessel at a distance of 


CASE Iv. 
The sides of a vessel project outwards, and at equal incli- 
nations to the plane of the masts, both above and beneath the 
water- line. 
BA (Tab. IX. fig. 7. Ji is the breadth of the vessel, and coin- 
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_ cides with the water's surface, when the vessel floats upright. 
XE denotes the plane of the masts, bisecting BA in the point S. 
PU, QW, are lines drawn through the extremities of the line BA, 
and-perpendicular to it, and therefore parallel to EX : the sides 
of the vessel. Love the water-line, AH, BY, are inclined outward | 
from the plane of the masts, at an angle QAH = PBY ; and 
BC, AD, are the sides under the water-line, also inclined out- 
ward from the plane of the masts, at an angle DAW 
CBU NAH. G and E represent the centres of gravity of 
the vessel, and of the volume displaced, as in the former cases. 
To construct the of stability, corresponding to any 
given angle of en from the upright, | 
Through the point S, which bisects the line BA, draw the 
line CH inclined to BA, at the angle ASH, equal to the given 
angle of inclination from the upright. Since, by the condi- 

tions.of this problem, the triangles ASH, BSC, are similar and 
equal figures, it follows, that when the vessel is inclined from 
the perpendicular through the angle ASH, it will be inter- 
sected by the water's surface, in the direction of the line CH. 
The subsequent part of this construction is similar to those of 
| the preceding cases, as * * by inspection of the 
— 2 

Let the breadth of the * at the water's surface, or BA 

t: put the sine of the angle AS Hs, sine SAH = a, sine 
SHA = TIF =1, GE d. Then the area ASH, or 


BSC = Lis —, and, if the total volume immersed is put = V, the 


t3 a 


measure of the vessel's ability, or GZ, will be = + r ru 


v 4+ fu. — 2 —+= hoe a —ds. 
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Let BA, or 1 100, d = 13, ASH = 15, SAH = 10g, V 
2g, as in the former cases: then, s sine 13, a sine 1035 
b = 8ine 60*; by referring to the solution, GZ = g. 59: and 
the stability will be the weight of the vessel, suppose 1000 tons, 
acting at the distance g. 39 from the axis, to turn the vessel; 
which force is equivalent to a weight of 71. 7 tons, — at 
the distance of 50 from the axis. 


CASE V. 


e e une ah aden inward, and en 
angles of inclination to the plane of the masts both above and | 
beneath the water-line. 
BA (fig. 8.) is the breadth of the vessel coinciding with 
the water's surface, when floating upright. XE represents the 
plane of the masts, bisecting BA in the point S. UP, W . 
are lines drawn through the extremities of the line BA, parallel 
to XE. BY, AH, are the sides of the vessel above the water- 
line, inclined inward to the plane of the masts, at the angle 
QAH = YBP. BC, AD, are the sides under the water-line, 
inclined inward to the plane of the masts, at the angle DAW 
or CBU, which are equal to HA or YBP. The other condi- 
tions are as in the former cases. Through the point 8, draw 
the line CH inclined to BA, at the angle ASH, equal to the 
vessel's inclination from the upright. Since the triangles ASH, 

BSC, are similar and equal figures, it follows, that when the 
vessel is inclined to the angle AS H, it will be intersected by 
the water's surface in the line CH. The remaining part of ; 
this construction is similar to that of the preceding cases. 

The same notation being adopted with that which was used 
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in the preceding cas by reſering to trigonometric properties 
NC OI des. il 4; 


— — — 
G = Ae 7 7 2 4. 


Let t= 100, d = 13, the inclination of the sides inward, or 

HAQ= 15*, ASH = 15, SAH =7;"”, SHA = go": by calcu- 
lating from these data, it is found that GZ = 2.21. 
If the vessel's weight should be 1000 tons, the stability will 
be this weight, acting to turn the vessel at the distance 2.21 
from the axis; which is equivalent to a force of 44-2 tons, ap- 
— . GENET ACTIN: - 


CASE VI. 


The sides of a vessel coincide with the sides of an isosceles 


wedge, (fig. 9.) meeting, if produced, in an oy way 
which is beneath the water's surface. 
Supposing the sides to be continued till they meet, the ver- 
tical sections will be equal isosceles triangles. BAW repre- 
sents one of these triangles, BA being coincident with the 
water's surface, and cutting off the line BW equal to AW. 
The angle WBA = WAB is supposed to be given. If the 
vessel should be inclined from the perpendicular, so that the 
water's surface shall coincide with the line CH, the point of 
intersection S must be so situated, that the area or volume im- 
mersed, in consequence of the inclination, that is, ASH, shall 
be equal to the area or volume SBC, which has emerged from 
the water. Previously, therefore, to the construction of this 
case, the position of the point S is to be geometrically deter- 
mined, according to the conditions required. 
Gg 2 
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Let BWA (fig. 10.) represent a vertical section of the ves= 
1 Through the extremity B of the line BA, draw BO in- 
clined to BA, at the angle ABO, equal to the vessel's inclina- 
tion from the upright. In this line, take any point R, and in 
BR take BI to BR, as the sine of the angle WBR to radius. 
Also take. BF to BR as the sine of BRW to radius; and let 
reometrica mean proportional between the lines BF 
and BI; from the point G, set off GZ equal to BF; join ZA, 

| and, through G, draw GS parallel to ZA; and, through 8, 
draw CH panel BE. | Den ASH will menen 
area SBC. 


By the construction, the 5 ARB = = Alls, and the angle 
WCH = = WBR; e 

also BR: Bl :: rad. : sine esch. 

and BF : BR: sine AHS: rad. 9 25 


Joining these ratios, BF BI : : sine AHS : sine SCB. 
Buy the construction, and the r of the angles 
| BGS, BZA. 

BF: BI: : BF* : BG: : G7: : BG: SA: S. 
Wherefore SA: SB': sine AHS: sine ScB 

By trigonometry, SH: SA : : sine SAH : sine AHS | 
and SB SC sine SCB: sine SAH=sine SBC 


Joining thee ratios, SA x SH : SB x SC : 
Iherefore r e 

But the angle ASH b being equal to the and BSC, the a area 
of the triangle ASH will be to the area of the triangle BSC, as 
SA x SH is to SB x SC; and, since SA x SH is equal to SB 


x SC, the area of the triangle ASH is _ to the area of the 
triangle SBC. 


; a. 1 of js, ' e 


n Dp AE 
Has CH is drawn through it, inclined to BA at an angle equal 
to the vessel's inclination from the upright, the water's 2 
will coincide with the line CC. 

To proceed with the l case; N BA 
in D, (fig. 9.) and join WD: let G represent the centre of 
gravity of the vessel, and E the centre of gravity of the volume 
displaced, when the vessel floats upright. Let M-and I be the 
centres of gravity of the triangles SAH, SBC; and ML, IK, 
lines drawn perpendicular to CH, through the points M and 1 
respectively. Through G, draw GU parallel to CH; and, 
th E, draw EV parallel and equal to KL. In EV, take 
ET to EV as the area ASH is to the area representing the 
total volume immersed. Through T, draw TZ perpendicular 
to GU. GZ will be the measure of the vessel's stability. 
As in the preceding cases, let BA be denoted by the letter t, 
and put the sine of ASH = s, sine SAH = a, sine SHA = b, 
sine SCB c; the total volume immersed = V. 8 


| By triganometry, 5 — —..— . — 22 


Sk = - "x v/ 445% XI — 


And, since ain area ASH = ——— = as, and V is the area 


representing the entire volume immersed, the measure of sta- 
. or 


£5 
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. bechlens zurfaces, inclined to each 

other at an angle of go*; the vessel's inclination from the up- 
right 13; BA=t==z100; GE=d = 15; the angle SAH= 
103*; AHS =60*: BCS = go. By calculating the value of 
mm . err 


Sun of ese values | = 6.9990 
Finally, the meanre of th ws nail, 


SA K 58a 
1 1 47 


e FEET, : — — ds=GZ=2. 858 


C 

If the weight of the vessel should be 1000 tons, the force of 
stability will be equivalent to that weight of pressure, acting at 

the distance of 2.85 from the axis; or the weight of 57. o tons, 

acting at che distance of 50 from the axkis. 
If the sides should be inclined at an angle of 60˙ß . of 

30˙ß5 the measure of stability will be 2.92; and the effort to turn 
the vessel equal to 1000 tons, acting at the distance 2.92, or 
58.4, tons acting at the distance of 50 from the axis. 


- 
— | — * 


The sides of vessels are not unfrequently formed so as to 
coincide with the sides of an isosceles wedge, or are so little 
curved as to approximate nearly to that figure, at least so far 
as that portion of the sides extends which may be immersed in, 
or may emerge from, the water, by the vessel's inclination. The 
preceding solution being expressed in terms which are rather 
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complicated, another solution is subjoined, by which the mea- 
sure of stability is exhibited in more simple terms. The inves- 
tigation is troublesome; but the conciseness of the result, and 
the readiness with which it is applied to practical cases, com- | 
pensate for the difficulty of obtaining it. 
| Let the isosceles triangle BAF (Tab. X. fig. 11.), represent 
a vertical section of the vessel; the base of which, BA, coin- 
_ cides with the water's surface, when the vessel floats upright. 
Bisect BA in D, and join FD. Let G be the centre of gravity of 
the vessel, and take FE to FD as à to g; E will be the centre of 
gravity of the immersed volume when the vessel floats upright. 
Draw the line CH, “ intersecting the line BA at an angle 
ASH, equal to the given angle of the vessel's inclination from 
the perpendicular, and cutting off the area ASH equal to 
the area BSC. When the vessel is inclined through the angle 
ASH, the line of intersection with the water's surface will co- 
incide with CH. Bisect CH in the point N, and join FN: 
take FQ to FN as 2 to g. Q is the centre of gravity of the 
area CFH, representing the volume immersed when the vessel 
is inclined. Through Q, draw QM perpendicular to CH ; and, 
through G, draw GZ perpendicular to QM. GZ is evidently 
the measure of the vessel's stability. 
To obtain an analytical value of the line GZ, through = 
draw OQP parallel to CH; through G, draw GR parallel to 
LN; and, through E, draw ET perpendicular to AM. In this 
investigation it will be expedient, first, to express in general 
and known terms the line FW; secondly, the line WQ, which 
is to MW as the sine of the vessel's inclination to radius: this 
will give the value of MW, which being added to WF before 


Buy the construction, p. 228. 
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found, the aum will be the line FM; from which, if FE, or 3 of 
FD, be subtracted, there will remain the line ME; which is 
to ET as radius is to the sine of the inclination EMT, or 
ASH. ET will therefore be expressed in known terms; from 
which, T ER be enhirabipd, theironeining line will ke-RT, 
or GZ, the measure of = vessel's ability, * ex- 
pressed. 
By the B to the area 
FCH; and, since the area BAF is to the area IKF in the 
same * proportion which the area FCH bears to the area FOP, 
it follows, that the area FIK is equal to the area FOP. Also, 
because CN is equal to NH, and OP is parallel to CH, it fol- 
lows, that OQ is equal to QP. For brevity, let the angle KYP, 
or ASH, be denoted by the letter 8; FPO = FHC by P: 
n also let the angle PFO be made = F. 


Because the areas IFK, PFO, are equal, 


Waere — FEN « tang. F, radius being = 1: wherefore, 


2 FE* xtang. IF FE* xe8ec.*LF_ 
FP=Foamer = ——Fo_ and, because 


FO —=ZXSE2, by substitution FP Er, 


sine O sine P | 

and therefore FP=FEx ec. F M. =p: but sine FWP = 
* Wherefore, FW : FP: : 8ine P : cos. S; or 
FW: FE x sec. 15 9 =: sine P: cos. S; consequently, 


FW = X sec. 3 —. 


By investigation, founded. on the rules of trigonometry, it 


1 Each of these — being a as 9 to 4. + See Appendix. 
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F. Vi-iang.* 


appears that vine O x ane Þ= 


which quantity being nibetituted incteed of /ASTO AR F. 
in the value of FW just found, the recult will be 
„ nl =FE x Vi tang. IF x tang.*'S. S. 

It is found also, from trigonometrical rules, that 


* | tang.* IE tang. Sx ec. 8 
WQ= FE x 1 Vi-ang een 


W: WM : sine S: rad. we have 
WM = FEx tang? Fx tang. Seuee.S because 


eine S V 1—otang* 4 F xtang.*S 


tang. 8 = gee. 8, WM = =FE x tang. 3 Fx Sec. 2 8 
ines  V1=tang*4 Fxtang.*S 


FW=FE x VA un- IFxang” S, and FU=WF+WM, 
we obtain the value of FM =FE x — 


and since 


: and, since 


Therefore ME = - FM. —FE = FE x > * = 


3 sec.“ sec. 4 F | | my ws 
and ET == = FE „sine 8 x = n Ki 
This value of ET is inferred from supposing the area BFA t 


represent the entire volume immersed, and which = 2 — 


t being equal to the line BA. rTP 
If, the sides BC, AH, remaining the same, the figure and 
magnitude of the immersed volume should be changed, so as to 

be represented by any other quantity V+, the line ET will be 
increased or diminished in the inverse proportion of the en- | 
tire volumes immersed, that is 


— . . BF. 
Teng F VIi—tang. 1 Fxtang 8 
: t | 
And, since FE — 3 rang. + F 2 
* See Appendix. + See pages 213 and 214. 
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S $ec 3 TF — 8 

eee e 
and the — the vessel's stability 1 il in TO 
*GZ = IR Frm — 1 - d ein. 8. 

e — 

tical sense very small, the expression be 

6822 == - — d x sine 8. agreeing with the solution 
given by M. Eur xn A in this particular case. 

If the inclination of the sides BF, AF, should be evanescent, 
the sides will become parallel to each other, and to the masts, 
both above and beneath the water- line; a case which has al- 

ready been solved I: and consequently, the solution of case 1. 
ought to agree with that which has been just given for the 

stability, when the two sides are inclined at a given angle, 
assuming that angle as evanescent. Assuming, therefore, the 
angle BFA evanescent, and S of any finite magnitude in the 
general value of GZ, above determined, we have 


Vi = ung F tang. Bon ESE and 


1 


— hk Ss 1 


sec.“ Z F — 1... Ii 3 — 
7d FT F xtang.*S | "ns 
te sines . 
and therefore SGZ = V ee — 
— dx sin. S. 


This expression for the measure of by, is evidently more simple, and better 
adapted to practical application, than that which is inserted in page 229. The pre- 
sent result might perhaps be obtained by more concise methods: the investigation 

here given is the best that occurred to the author, after repeatedly a to 
discover some other, requiring fewer trigonometrical calculations. 
+ Theory of the Construction and Properties of Vessels, chap. viii. Case 1. 


ens r ——— 
V tango TF 4 2 
tꝭ e sin. 8S 2+ Tang.” 8 

12 3 5 


ET = 


or because sec. 1 F =1, ET = 
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or GZ —- 23 „ng F dxain. 8. 


or GZ = e cos. 8 T 888. 5 -A x sin. 8, 
which is the measure of stability, when the inclined sides AF, 
BF, become parallel, the angle F vanishing. But this quantity 
is the measure of stability whan | the sides are parallel, as de- 
termined by direct investigation*; by which agreement the 

consistency of the two solutions is evinced. 

Jo exemplify the general solution for the case of the sides 
inclined at a given angle, suppose the angle BFA to be go = 
F, let S= 15, AB = ft = 100, GE=d= 1g, V = g600. 
From the — value of the line GZ, we obtain 


in 1 5 

N ix) | LAG 2 N * | — . 

Vi- FF xtang.* 'S * 9.9 7457 
bur 444 07407 5 = oy 


and 62. the measure of atability = 8. 8:8, 
precisely agreeing with the result calculated by the solution, in 
pages 229 and 230, which has no apparent similitude or rela- 
tion to the value for Stability, as 9 according to this 
last investigation, which i is 


3 „„ 24 7 
OT as X77 _5 iN sec.“ + F nn N 
Iz VX tang.“ 2 r 


According to the solution | in "gp 229, the measure of Sta- 


bility 1 is 
| 84 4 e 2 — .* "1344 
GZ = 6. 4 ＋ 2 
SBI x 5a 3 r | 1-4 
+ a = _— — 45 
Case 1. 
H h 2 


236 Mr. Arwoop' s Disquisition on 
in which value Sein. S; a =sin. SAH; Cc = sin. SCB; 


8 2 tx 
a OTIS and N It might not, perhaps, 


be easy to deduce either of these values from the other, or to 

demonstrate their equality, otherwise than by the Separate in- 
vestigations from which they have been inferred; and yet 
these quantities are not approximations to equality, : but are 
strictly and mathematically equal. 


CASE VII. 2 


The sides of : a vessel are coincident with the rides of a wedge, 


meeting, if 8 at an — which is above the water 8 
surface. 


The sides of a vessel are — by the lines 9 b, 6d. | 

(fig. 12.) inclined at an angle, so as, if produced, to meet at 
te point w above the water's surface, which is coincident with 
baz; the lines wa, wb, are assumed equal. Suppose the vessel to 
de inclined from the perpendicular through any given angle; 
let a line ch be drawn, intersecting the line ba at the given 
angle of inclination, and cutting“ off the area asb equal to the 
area bsc: when the vessel is inclined to the given angle from the 
upright, the water's surface will be coincident with the line cb. 
Let m and i represent centres of gravity of the areas asb, bsc, 
respectively, and let the line þI be constructed as in the former 
cases. Let g be the centre of gravity of the vessel, situated in the 
line we, which is drawn perpendicular to and bisects ba, and 
let e be the centre of gravity of the volume displaced ; making 
ev parallel and equal to [&, take et to ev as the area bsc is to 
the area representing the entire volume immersed. Through g, 
draw gu parallel to cb, and, through t, draw tz perpendicu- 
lar to gu. gz will be the measure of the vessel's — 


0 Page 228. 
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From this construction, he following ee wee 
inferred. 


Ik) be sides of a vessel are phi surfaces, med (fig 9.) 
hen produced, by the equal lines AW, BW, which meet in the 
point W, beneath the water-line. The sides of another vessel 

(ig. 12.) are also plane surfaces inclined to each other at the 

same angle as in the former case, and represented by the equal 

lines aw, bw, which meet at the point w above the water-line : 
suppose the breadth of both vessels to be equal at the water- 
line, and the angle BWA = the angle bwa; if the distances 

between the centres of gravity of the vessels and of the im- 

mersed volumes are equal, and the weights of the vessels are 

also equal, the proposition affirms, that the stabilities of the 
two vessels, when inclined to the same * from the upright, 
will always be equal. 

Since the line BA=ba, and the angle BAW = the . 

bau, (fig. g and 12.) by the conditions of the proposition, if the p 

angle BAW be applied over the angle baw, the point A coinci- 

ding with the point a, it follows, that the point W, and the point 

B, must coincide with the point w and the point 5 respectively; 

| and, since the lines BA, ba, are divided i in the points 8, 5, on the 

Same conditions, namely, s0 that the lines CH, c b, shall be in- 

clined to BA, and ba, at the same angle, and shall cut off the 
areas ASH, a5b, equal respectively to the areas BSC, bsc; it 

must follow, that when the line AB is applied 80 as to coincide 
with the line ab, the point S will coincide with the point s ; 
and the angle ASH being equal to the angle asb, by the sup- 
position, the line SH will be equal to the line sh; and the 
triangle ASH will be equal and similar to the triangle asb. 

The centres of gravity of these triangles, therefore, or the points 

M and m, will coincide, as will also the lines ML, m 1, which 
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are drawn through these points perpendicular to CH and cb. 
The line SL will therefore coincide with the line al, and is equal 

to it. In the same manner, it is proved that the line SK is 
equal: te the line 3E; consequently, KL is equal to ł l. And 
since, by eonstruetion, the area ASH is equal to the area 
BSC, and the area 48h equal to the area bsc; and, on appli- 
cation of the figure AWB to the figure a vb, the triangle ASH 
coincides with the triangle as b, it follows, that the four areas 
ASH, asb, 5807. bsc, are all equal. 


XL x area ASH. 1 4 
But ET* 1 and e t = ebene aer 
and, Since KL = 


:k I, and the volume ASH = the volume a s b, 
KL x volume ASH = El x volume asb; and the entire volume 
immersed bein fig g the same in both vessels by the e, it 
_ follows that E el A 
This equality between the lines ET, et, is independent of 
| the position of the centres of gravity of the vessels, G, g, and 
also of the position of the centres of gravity, E, e, in the lines 
WD, wd. If the distances of GE, ge, Should be equal, since the 
angles of inclination from the upright, or EGR, egr, are equal 
by the supposition, it follows that the sines of those angles to 
equal radii must be equal, or ER=er. Subtracting, therefore, 
ER from ET, and er from e t, the remaining lines RT, rt, 
must be equal, or GZ = gx. The stability, therefore, of a 
vessel, the sides of which are inclined to an angle under the 
water's Surface, | is equal to the stability of the vessel of which 
the sides are inclined to an angle which is above the water's 
surface: the breadth at the water-line, and the other condi- 
tions, being the same in both yessels. 


This proposition is not confined to the case here demon- 


* Fig. 9. ber page 212. 


„ 


7 Fig · 12. Ses page 232: : 


EO of the areas as, bsc, as in the former cages, and pi 
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strated, being equally true, whatever figure be given to the sides: 
and whether they are plane or curved, provided the sides under 
the water line in one vessel are similar and equal, and similarly 
disposed, in respect of the water- line, to the sides of the other 
vessel above the water-line. QC, HO, (fig. 1g.) represent the 
sides of a vessel projecting outward above the water-line, and 
— inclined inward under the water-line. - Suppose the vessel to 
be inclined from the upright through any given angle, and let 
CH be supposed drawn inclined to the line BA at the given 
angle, and cutting off the area ASH equal to the area 'SBC: 


— 
with the line CH. 


Let the sides QC, OH, n ewe mn ine 
; BA as an axis, through 1807 the position of the sides will be re- 
versed, as represented in fig. 14: the sides which projected out- 
ward above the water- line (fig. 1g.) equally project outward un- 
der the water-line in fig. 14 and are similarly situated in respect 
to the water. lines BA, ba. In like manner, the sides which are 
inclined inward under the water-line, in fig. 1g. are equally in- 
clined inward above the water line in fig. 14; and are also simi- 
larly situated in respect to that line. If M, I, are the centres of 
gravity of the areas ASH, BSC, and m, i, the ne 


lines be drawn through them, ML, IK, and mi, ik; by argu- 
nents similar to those which were used to demonstrate the pre- 
ceding proposition, it will be evident that the lines KL, A, are 
equal; also that the areas ASH, BSC, ab, bsc, are all equal: 
and, by proceeding to construct the measures of stability corre- 
sponding to the two cases, it will appear that GZ = g z; the 
weight of both vessels, and consequently the entire volumes im- 
mersed under water, being the ame. The conclusion is, that, the 


— an in the manner described in the propoeition, 
— equal angles of inclination, will remain the same. 
It may be proper in this place to remark, that the metacentric 
abe deveibe by M. Went? and M. HE and 9 4 
— en the angle point Si the 
curve interseets the vertical axis; and therefore can be applica- 
ble only in the case when the angle of the vessel inclination 
fromthe uprights evanescent Let FBC, DAH, (fig. 15:) repre- 
sent the sides of a vessel, BA coinciding with the water's sur- 
face when the vessel floats upright: bisect BA in 8, and draw | 
18K perpendicular to BA. Let E be the centre of gravity of the 
volume immersed. Suppose the vessel to be inclined through 
a very small angle As a, so that the water's surface shall now 
coincide with the line ba: and let the centre of gravity of the 
nersed be Q. Through Q, draw the line Wia per- 
in; — ceagy deck This 
— — 
vity of the vessel is situated beneath it, any where in the line WE, 
(suppose at G,) the vessel will float permanently, with the line 
IE vertical; but that, if the centre of gravity is placed above the 
metacentre, suppose at g the vessel will overset, from that po- 
sition; for, drawing GZ, gz, perpendicular to Q, if the vessel 
Should be inclined through a small angle AS a, so as to immerse 
_ the/portion of the side A a, the force of pressure acting in the 
direction of the line Q, to turn the vessel round an axis passing 
horizontally through G, will elevate the parts adjacent to A, so as 
to restore the upright position: whereas, if the centre of gravity 
® Traite du Navire, p. 270. - + CLEGG p. 289, ef eg. 
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Should be placed above the metacentre, suppose at g, the same 
force of the fluid's pressure, by turning the vessel round an axis 
passing through g, must immerse further the portion of the side 
Aa; and this immersion, being continued, will cause the vessel to 
| overset. Another property of this point has been demonstrated 
by M. Eulkn, * and other authors; which is, that when the 
angles of a vessel's inclination are evanescent, or very small, 
the effect of stability, to restore the vessel to the upright po- 
sition, will be as the sine of the angle of inclination GWZ + 
and the line WG jointly : at the same small angles of incli- 
nation, the stability of different vessels will be in proportion 
to the line WG, or distances of the metacentre above the 
_ centre of gravity. 


4 


Let the curve EQq (Tab. XI. fig. Alan siete 8 


by the successive centres of gravity of the immersed volumes, 


while the vessel is inclined from the upright through any angle 


ASH. M. Boveurn demonstrates, that a tangent to this curve in 
any point Q, will be parallel to the water's surface CH, corre- 
sponding to that point: if, therefore, through any two adjacent 
points Q and q, in the curve EQ q, lines QM. qN, are drawn per- 
pendicular to the lines CH, cb, respectively, the intersection of 
those lines in the point X will be the centre of curvature, and 
XQ, X q, will be the radii of a circle, which has the same cur- 
vature with the curve EQ in the point Q. For the same rea- 
sons, the line WE (fig. 15, 16.) is the radius of a circle which 
has the same curvature with the curve EQ in the point E. The 
point W has been denominated the metacentre corresponding 
to the upright position of the vessel, when the line WGE is 
perpendicular to the water's surface. M. Boucunx denomi- 
|  ® Theory of the Construction of Vessels, chap. B. book i. + To radius = 1. 
MSc II. Ii — 
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nates the point X the metacentre corresponding to the position 
when the vessel has been inclined from the upright through the 
angle ASH; and the curve WX is termed the metacentric 
curve, being the line traced by the successive metacentres, or 
intersections, of the lines QM, q N, drawn perpendicular to the 
lines in which the vessel is intersected by the water's surface, 
while it is gradually inclined. Consequently, according to this 
construction, the metacentric curve WX is the evolute, of 
which the curve EQ q is the involute. 

The construction and properties of the metacentric curve 
being a subject of geometrical reasoning, considered purely as 
such, are liable neither to ambiguity nor error; but, on what 
grounds these properties are applied to measure the stability of 
vessels, or to estimate their security from oversetting, when 

much inclined from the upright, is not explained by M. Bou- 
GUER, M. CLAingois, or any other author I have had an op- 

portunity of consulting: yet the opinions expressed by these 
authors on the subject in question, have been adopted by man 
persons as established principles; and, being of some import- 
ance in the practice, as well as theory, of naval architecture, it 

cannot be + thought Superfluous to pay some farther attention to 
them. 
M. Boveven,* W ae the property of the me- 
tacentre, which gives security from spontaneously oversetting, 
to a vessel, whenever the centre of gravity is situated beneath 
it, proceeds to observe, that his theorem, being founded on 
supposing the angles of the vessel's inclination as evanescent, 
or extremely small, such as a vessel may experience in smooth 
water, cannot be relied on for ascertaining the safety of ships, 
* Traite du Navire, p. 269. 


quiescent. He observes, that if the metacentre X ascends from 
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when agitated by the winds and waves in open sea, where the 
inclinations from the upright must often become considerable. 
In order to extend the application of his theorem to the larger 
angles of inclination, he proposes to examine whether the me- 
tacentre ascends or descends as the vessel is gradually inclined.* 
Io effect this, the curve line EQ q (fig.16.) is to be traced, by find- 

ing the successive centres of gravity of the volumes immersed 

while the vessel is inclined ; and, from this curve the metacen- 
tric curve WX is to be defined: the point where the metacentric 
curve meets the vertical axis in W, is the metacentre corre- 
sponding to the position when the vessel floats upright and 


its original position W, while the vessel is inclined gradually 
from the perpendicular, the vessel will be secure from overset- 
ting ; but will be insecure, if that point should descend while 
the vessel is inclined. No demonstration of this proposition is 


dertakes to explain the principles delivered in this chapter of 
NM. Bovever's work. + If the proposition has been suggested 
by some analogies which subsist between the construction of 


the lines EW, M, and other lines similarly drawn, they will 


be insufficient to establish the truth of it. The analogies are 
such as the following. W being the metacentre, and E the 
centre of gravity of the volume displaced, when the vessel floats 
upright, WE is the radius of curvature to the curve EQ q, at 

the point E; X being also the metacentre, constructed accord- 

ing to the method which has been described, when the vessel 
has been inclined through an angle ASH, and Q the centre of 
gravity of the corresponding volume immersed; XQ is the 
* Traite du Navire, p. 271. t Ct an nors aur PArchitecture Navale, p. 289, et seg. 

WR 


given, either by M. Boucves, or by M. CLaingols, who un- 
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radius of curvature of the curve EQ at the point Q. Also, EW is 
perpendicular to the water's surface AB, when the vessel floats 
upright ; and XQ is perpendicular to the water's surface, when 
the vessel is inclined through the angle ASH. When the vessel 
floats upright, the stability is measured by the sine of inclina- 
tion and the line GW jointly ; and therefore the angle of in- 
clination being given, will be by the line GW, and 
will depend in some ratio or proportion on the line EW, when 
GE remains the same, or when G is made to coincide with.E. 
The question is, whether the stability, when the vessel is 
inclined to the angle ASH, will depend in a similar degree on 
the line M? Respecting the supposed analogy it may be re- 
marked, that one condition absolutely necessary to establish it 


is wanting; namely, the centre of gravity G ought to be situ- 


ated in the line X: but it is considerably distant from that 


5 line, being placed in the vertical axis of the vessel WGE. This 


material difference in the conditions corresponding to the two 
cases, is sufficient to destroy all inference from analogy, even 
if arguments of this kind could be admitted, in geometrical 
subjects, to supply the place of demonstration. It is not diffi- 

cult to shew geometrically, in what position and circumstances 


of the vessel the line X will be the correct measure of its 


stability. Suppose that, by any alteration in the distribution of 
the ballast or lading, the centre of gravity should be removed 
from the line WGE to the line XGQ, the vessel will float per- 
manently with the line XQ perpendicular to the horizon, and 
the mast WE will be inclined to it at the angle = ASH. 
Since XQ is the radius of curvature of the curve EQ at the 
point Q, and is also perpendicular to CH, the point X will be 

the true position of the metacentre, corresponding to the float- 


ing position of the vessel, when the centre of — is situated 
out of the vertical axis in the line X, and Q is the centre of 
gravity of the volume displaced. The measure of stability, when 
the inclination is any small angle, will be the sine of that angle 

and the line XG jointly; comparing, therefore, the stability of 
the vessel when the centre of gravity is situated in the line 
WCGE, with the stability when the centre of gravity is in the 


line XG, the proportion of the two stabilities, at equal small 


angles of inclination, will be as the line WG is to the line XG; 
if the centre of gravity G should coincide with the point E in 
the first case, and with the point Q in the latter case, a con- 


dition often adopted by M. Boucurn, the stabilities will be in 
the proportion of the lines WE to X or in a triplicate ratio 


of the lines BA, CH. 


vessels of every description,) the line X cannot be assumed 
to measure or estimate the stability and security of a vessel at 
sea, when inclined to the larger angles from the upright. M. 


 CLaimpors, to illustrate the principles of M. Boucurn, adopts 


two instances, which are the same with Case vi. (fig. 9.) and 


Case v11. (fig. 12.) in these pages. In the former case, the sides 


coincide with those of an isosceles wedge; the breadth BA at the 


_ water-line being the base, and the angle BWA situated under 
the water's surface. As the vessel thus formed is gradually in- 


clined from the perpendicular, he shews,* that the curve traced 


by the centre of gravity of the successive volumes immersed is i 


an hyperbola. Of this curve he calculates the successive radii 


® CLAIRBOILS, p. 291. 295. 
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Bauch is the result of the examination 8 duns which 
the only inference is, that while the centre of gravity remains 
situated in the vertical axis WE, (the position it occupies in 


B ůãmùa- nm mmãů̈4m: !!! ˖ RR; t]-l‚ę — — R ²¹. U A radon Ne * —— 1 ä éẽn 6 
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of curvature, which he demonstrates to increase continually 
with the inclination of the vessel: he shews, that the centres of 
curvature thus found, or successive metacentres, according to M. 
BovGveR's construction, ascend as the vessel is inclined; a cir- 
_ cumbtance which, according to his principle, imparts security 
from oversetting. On the contrary, in the other instance, when 
the sides of a vessel are inclined to an angle which is above the 
water's surfate,(fig.19.) from a similar mode of reasoning he con- 
chades, that the metacentre descends as the vessel is more and 
more inclined; which, according to his proposition, would 
endanger the m of the vessel, when — to considerable 
angles. 
This determination is evidently inconsistent with the . 
tions of Case vi. and vil. preceding, by which it appears, that 
the stability acting to restore vessels thus constructed to the 
upright position, under the conditions that have been stated, 
will be precisely the same at all equal inclinations from the 
upright, whether the sides are inclined at an angle beneath or 
above the water- line; all the other conditions being the same 

in both cases. 
The solution of these questions being conhetted with a ws 
ciple of some consequence in the practice of naval architecture, 
the preceding observations have been offered with a view of - 
Stating distinctly the opinions which are contradictory to the 
solutions of Cage vi. and vn. referring to the authors who have 
treated on the subject, in order that a judgment may be formed 
by persons conversant in naval architecture, whether the pro- 
positions advanced by M. Bovcvtr and M. CLairBors, or the 
Solutions of Case vi. and Case vn. here given, may be relied 
on, as founded on the genuine principles of geometry and me- 
chanics ; for error must exist on one side or the other. 
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But, until the demonstrations of the Cases vi. and vit. are 
shewn to be erroneous, and reasons are produced in support of 
M. Boucuzn's propositions, which he has delivered without 
any demonstration, it may be allowable to suppose that his opi- 
nions are, in these particular instances, ill founded. 


The same principles are extended by M. BougGuer * Ge 
press a general value of the distance between the metacentre, 
and the centre of the immersed part of the ship, when inclined to 
any angle: this distance he affirms to be , + in 


which expression y and v are the parts of che total ordinate of 
the water- section, (when the vessel is inclined,) at the distance 


, measured on the longer axis from the initial point; the pro- 
portion of y and v being determined by a line drawn parallel 


to the axis through the centre ain of the section; ; and 


is put for the volume immersed. 
| When the centre of gravity is Situated i in the line OX, (fig. 16.) 


and the angle of inclination very small, the point of intersec- 


tion of the lines CH, cb, will bisect the ordinate CH : in this 


case the vessel floats permanently with the line QX vertical, and 
consequently with the line WE, or plane of the masts, inclined 


to the horizon at the angle ASH. But the line M, consist- 
ently with the preceding observations, cannot be applied to 


perfectly similar and equal; the only situation which the centre 


of gravity can occupy, according to any mode of construction 


hitherto practised. 


FTraite ts Navive, 1 p. 273. 
No demonstration i is given by M. Bou ou of this proposition. 


measure the stability or security from oversetting of a ship, 
when the centre of gravity is placed in the line WE; that is, 
in the plane of masts which divides the vessel into two parts 


ee e — 4 Ms a — 1 
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A ſew remarks may be added in this place concerning a 
t delivered by M. Bovcves,* for measuring the stabi - 
lity of vessels when inclined to evanescent angles from the 
upright. The theorem is this : « When the lengths of vessels 
l are the same, the stabilities are as the cubes of the breadths.” 
This theorem seems at first view to stand independent of, 
and not to require, any subsequent explanation : the author 
immediately applies it to the discussion of some points respect- 

ing the stability of vessels. If any person, relying on the au- 
thor for the truth of this theorem, should only pay attention 
to the proposition as it is here expressed, he would entertain 
an opinion on the subject of stability which is altogether erro- 
neous. M. BoucurR,F i in a subsequent page, gives a satisfac- 
tory account of the limitations and restrictions under which 


| the theorem in question is to be understood. He observes, that 


a restriction ought to be applied to the conditions of this pro- 


= position, in order to insure the exact correctness of it; which 


is, that the whole weight of the vessel shall be concentered in 
the centre of gravity of the displaced volume; a condition 

which may be deemed amongst the most extreme cases that 
can be devised, and such as is rarely known to exist.} The 

vessel's centre of gravity not being su pposed coincident with 
the centre of the displaced volume; M. Boucves\ gives the 
true measure of stability when the angles | of inclination are 


® Traite du Navire; p. 299, To + Tbid. p. 299 and 300. 

1 In vessels of burden, the freights of which consist principally of iron, or hw 
metallic bodies, or blocks of stone, the vessel's centre of gravity may be so depressed 
as to coincide with, or even to be situated under, the centre of the immersed volume. 
But such a disposition causes many inconveniences in the ship's sailing; and is never 


adopted when it is possible to raise the centre of gravity to a higher position. 
4 Traite du Navire, p. 300. 
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evanescent ; the only objection to which is, that it stands i in 


the author's page as being explanatory, and illustrative of a 
proposition before delivered: whereas, it is in fact the real pro- 


proposition it is intended to explain being a particular ease of 
it, and requiring a condition which scarcely ever takes place 
in the of constructing and adjusting ships for sea. 


CASE viii. 


The sides of a vessel are parallel to the masts above the 


water-line, (fig. 17.) and project outward beneath it. 
In the second Case, (fig. 4.) the sides project outward above 


jection of the sides under the water, according to Case vi1r. 
should be equal to the angle at which the sides project above 


the water, according to Case 11. the other conditions being the 
same, the stabilities“ of the two vessels will be equal, at all 


equal inclinations from the quiescent position. The solution 


of this case must of consequence be precisely the same with 
me Solution of CASE 11. and need not be here repeated, 


CASE IX. 


_ water-line, (fig. 18.) and are inclined inward beneath it. 

In this case, the position of the sides is the reverse of that 
which is described in Case 111. (fig. 6.) If, therefore, the angles 
at which the sides are inclined inward, according to Case ix. 


Proposition subjoined to Case vii. page 237. 
' MDCCXCVI111. _— 7 1 


position for measuring the horizontal Stability of vessels; the 


the water-line, and are parallel to the masts under it. In 
Case viii. the disposition and form of the sides are the reverse of 
the form according to Case 1. If, therefore, the angle of pro- 


The 4 of a vessel are parallel to the masts — the 
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under the water - Iine, should be equal to the angle at which the 
sides are inclined inward above the water-line, according to 
Cage 111. all the other conditions being the same, the stabilities 
of the two vessels will be equal, at all equal inclinations from 
the upright. The olution of Case ix. * EI 

TR WT Onpo. oe a f | 
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CASE x. Ig 
The sides of a vessel coincide with the ne of a cylinder, 
the vertical sections being equal circles. 
Let QBOAH (fig. 19.) represent a vertical section of the 
vessel. The surface of the water coincides with the line BA, 
when the vessel floats upright. | Suppose the vessel to be in- 
clined from the quiescent position, through an angle ASH, so 
that the water's surface shall intersect the vessel's, when in- 
clined, in the line CH. Bisect the line BA in D, and the line 
CH in Y; and, through the points D and V, draw OD, FV, 
perpendicular to the lines BA, CH, respectively, and meet- 
ing, when produced, in the point M, which is the centre of 
the circle. The angle ASH is the inclination of the vessel from 
the perpendicular; and, being the inclination of the lines BA, 
CH, which are perpendicular to the lines OM, FM, respec- 
tively, the inclination of the lines OM, FM, or the angle 
DMP, will be equal to the angle ASH. Let E be the centre of 
gravity of the area BOA, representing the volume displaced, 
when the vessel floats upright, and quiescent. In the line MF, 
take MQ equal to ME; Q will be the centre of gravity of the 
area CFH, representing the volume displaced when the vessel 
is inclined. Let G be the centre of gravity of the vessel; and, 
through E, draw ET perpendicular to MF; and, through G, 
draw GZ perpendicular to MF, intersecting that line in the 
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point Z: GZ is the measure of the vessel s stability. For, since 
Qs the centre of gravity of the volume immersed, when the 
vessel is inclined, and the line MF is drawn through it, per- 
pendicular to the water's surface CH, QM will be the direction 
in which the pressure of the fluid acts, to turn the vessel round 
an axis passing through G; and GZ, being the perpendicular 
distance of this line from wand — 
measure of the vessel 's stability. 

Let the sine of the angle of the vessel's inclination ASH, or 


OMF, be represented by the letter s to radius 1: by the 


2DA BA 
properties of the cirele ME = e e BOK © if, 


therefore, BA be made = 2, WI oF and ET 


We gr " 
* 12 x area 56 


The area mem the do PREG is ; here con- 
videred as entirely circular ; but if it should be of that form 
only to the extent of the sides AH, BC, the remaining part of 
the area being of any other figure, and the whole area un- 
der water should be denoted. by V. the line ET will be 


a5 ta | BOA 2 3 
* 12 * 8 505 12 or ET A Let GE be denoted 


by d; then ER = ds, and RT, or the measure of the vexee!'s | 


T2 xarea 


* Proposition and observations in pages 213, 214. 
I In this expression for the measure r 
vesgel's inclination, whatever be its magnitude: this value, for the stability of vessels 
which have a circular form, is the same with that which M. Bou cuER gives for ves- 
sels gf form, when the angles of inclination are evanescent, the breadths at the 
water-line being = t, and the other conditions the same; from which circumstance, 
the following remarkable conclusion is inferred: if the measure of stability should be 
calculated for finite angles of inclination, by the rule M. Boucues has given for the 


2 
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of a vessel, floating with the axis DL perpendicular to BA, 
which coincides with the water's surface. 


Let t 190, sin. 13 to rad. = 1. d 18 V ge 
u. conditions, GZ 2.6g: If, therefore, the 
vessel's weight should be 1000 tons, the stability will be equi- 
valent to the weight of 1000 tons, acting to turn the vessel at 
the distance of 2. 6g from the axis passing through G, or equi- 


nen . ba abs Ne aps 


the axis. 
CASE XI. 


The verbal sections of a vessel are terminated by the arcs 


ofa conic parabola. 


Let the parabola BLA (fig. ad tprevtnt a vertical s section 


G is the centre of 
gravity of the vessel. Suppose a ship, so formed, to be i clined 
from the upright through a given angle MOI. The breadth | 


BA, and depth from the water-line, DL, being given, it is re- 
r ee eee OPIN eee 


The principal parameter being given from the conditions of 


the construction, from the vertex L set off LF, PR to a fourth 
- part of the parameter: F is the focus of the parabola. In the 
line LF, take LI to LF, as the tangent of the given angle 


Mol to radius; and, in the line LI, take LX to LI, in the 


same proportion of the tangent of the angle MOI to radius. 


Through the point X, draw XV perpendicular to XL, inter- 


secting the curve in the point V; set off LN equal to XL: 


Join NV, which produce indefinitely, in the direction NVW; 


angles of inclination that are evanescent, the stability of all vessels, at 3 
tions, thus calculated, whatever be their forms, would be the same as if the yertical 
eections were circular ; the breadths at the water · line, position of the centres of gravity, 


and other elements, being the same. 


to NW; through G draw GZ perpendicular to P: G is the 
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6 oagraucy by. 1 IN through the 
point V, draw VK parallel and equal to DL; and, through the 
point K, draw CH parallel to NW: let DL be divided into five 
equal parts, and let LE be taken equal to three of those parts: 
make VQ equal to LE; and through Q draw PT perpendicular 


measure of the vessel's stability, when inclined from the upright 

through the given angle MOI. The demonstration follows. 

Through E, draw ET perpendicular to TP; and, through G, 

draw GR parallel to TP; 1 

noted by p. 

By the construction, LX. II LI; LF:: tang. MOI to rad. 
therefore —- LX: LF :: tang MOI: rad. and 


D ERTND = 4LF: : tang.* MOI : 4rad.” 
By the properties of the curve, 
e :4LF 
wherefore LX:4LF::LIX* XV. 
But - LX:4LF:: tang* Mol: grad* 

' therefore - LX“ XV*:; tang.* MOI: qrad.* 
and - - LX: XV: tang. MOI: grad. 

. or, since LX = ZXN 


186170 2XN: XV: : tang. MOI: 2 rad. 
or N: XV:: tang. MOI: rad. but, by 
the construction, XN: XV: : tang. XVN: rad. 
consequently tang. XVN is equal to the tangent of MOI to the = 
same radius; and therefore the angle XVN is equal to the 
angle MOI, or the given angle of the vessel's inclination from 
the upright. Moreover, since it appears from the construction, 
that the angle XVN is equal to the angle NP, NTP is equal 
to the vessel's inclination from the upright, and because the 
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live Ba is parallel to XV. and the line CH parallel to NW, 
by the construction, it follows, that the angle ASH is equal 
to'the angle XVN; wherefore the angle ASH is also equal to 
the angle MOI, or the given angle of inclination from the 
upright. VK being parallel to DL, and therefore a diameter of 
the curve to the point V, and CH being drawn parallel to 
NVW, which is a tangent to the curve in the point V, it 
follows, that VK bisects the line CH in the point K; KH 
tl efc e will be an ordinate to the diameter VK: and, since 
is by construction equal to DL, and DL, VK, are ab- 
ke of the segments BLA, CVH, respectively, it is known, 
from the properties of the figure, that the area of the segment 
BLA is equal to the area of the segment CVH; and conse- 
quently the area of the figure ASH will be equal to the area of 
the figure BSC. And since, when the vessel floats upright, the 
line AB coincides with the water's surface, and the area of 
the segment ALB is equal to the area of the segment CVH, 
it follows, that when the vessel is inclined from the perpendi- 
cular, through an angle ASH, equal to the given angle MOI, 
the surface of the water will intersect the vessel in the line CH. 
| Moreover, since LE is to LDas to 5, by the construction, and 
V is to V in the same proportion of g to 5; by the proper- 
ties of the figure, E is the centre of gravity of the area BLA, 
and Q is the centre of gravity of the area CVH, which repre- 
sents the total volume displaced, when the vessel is inclined 
through an angle ASH, or MOI; and the line P being, by 
construction, drawn perpendicular to the water's surface CH, 
will be a vertical line passing through the centre of gravity Q of 
the volume displaced CVH : and GZ, drawn through the centre 
of gravity G, perpendicular to this line, will be the measure of 


TTY TT OS 
the Vessel's 3 when inclined from the 
through the given angle MOl. 


perty of stability is inferred, which may be expressed in the 
RG proposition. 


the stabilities of the two vessels will be equal at all equal in- 
clinations from the upright, if the breadths at the water- line 
BA, and all the other conditions, are the Same in both CASES. 
It is thus demonstrated : 


and LD = @: rad. = 1. 

95 From the preceding construction and W 
pears that XV: XN: : 1: tang. 8, and by the properties 
of the — XN. RV : XV 1 Joining these 
ratios - - 1 3 8 2: XV) e 

Wherefore 


and 


also, since 


and because LD= =VK =, and LE = v = 1 8 
and the angle VQP = ASH = Mol, it follows that 


VP = = = _ > and therefore 


= NV + VP = LEES T; 


2 "2 x cos. 8 


NP 


From the preceding construction and demonstration, a pro- 


If the vertical sections of a vessel are terminated by the arcs | 
of a conic parabola, and the sides of another vessel are parallel to 
the plane of the masts, both above and beneath the water-line, 


For brevity, let the angle of indination | from the en 
e ASH, be denoted by the letter 8 Tet BA ==, 
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EZ. "_ EFT, and, cnce the ang 4 


wer res 
This i is the value - the line ET, when the : area a reprevent- 


ing the volume immersed is N throughout by the 
parabolic arc, the said area being = = 


but, if that form should extend to the Fd AH, BC, only, the 
remaining part of the volume immersed being of any other 
figure,“ and this entire volume should be of any magnitude 


5 or = x BAxDL; 


V, the value of ET corresponding will be N av 


tang. 8 


658. S Þ sec. S. And, 


24 


since ER = - d x sin. 1 or the measure of the ves- 


sel's stability, 02 "cos. 8 T S—d x sin. S; 


precisely the same quantity which measures the stability at 


the angle of inclination 8, when the sides are parallel to the 


masts above and beneath the. water-line : : a coincidence not a 


little remarkable, and such as would not probably have been 
supposed to exist, except from the evidence of demonstration. 


From this proposition it is inferred, that if the sides of a 


See pages 213, 214 + Case 1. page 216. 
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—— white ehuinets/ ans eng ctrl; 
sides of another vessel coincide with the arcs of another c, 
parabola, whatever be the form thereof, varying according t 
the paranieter, the weights of the vessels, breadths' at the 
vessels should be auch as are represented in Tab. XII. fig. 41. 
and fig. 29. the weights and other conditions the same, 
the stabilities of each of these veazels will be equal to that of a 
veaxel PBQFAK, the aides of which are e plane surfaces, parallel 
The | propositions dey preceding, relate to the conic 
or Apollonian parabola : they have been. inserted, with a view 
of establishing and extending the theory of stability. It may 
also be remarked, that the sides of vessels are in some instances 
constructed nearly of these forms; for the same reasons, it 
may be not altogether useless, to examine on what principle the 
stability of vessels is to be investigated, when the forms of the 
Sections are parabolic curves of the higher orders, such as are 
represented in fig. ag. The line cBCO is a conic or Apollonian 
parabola, dBDO is a cubic, and e BEO a biquadratic parabola. 
| FBFO (fig. 2g.) is a parabola of 8 dimensions, and gBGO 
a parabola of 30 dimensions, which are drawn from a geome- 
trical acale, h 4 geo « wee rapmtihvention of the hams 
of these curves. ; 
The general equation, — the relation between the 
abscissæ and ordinates of any parabola, of the dimensions u, is 
=D x 2, if the ordinates are drawn perpendicular to the 
axis of the curve; and y =a +px Tr Tr, Sc. + va", 
MDCCXCVIII, L1 
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d the proj 4 — — Sa 
able, that the breadthe toward: dhe vertex O, are always greater 
in-the curves which are of the higher dimensions; and, as the 
nne ineremed, the Hgure eee 


's 0 23.).is half the 
principal parartieter ; but, in all the parabolas of the higher orders, the radius of cur- 
vature at the vertex is infinite. Suppose æ to represent the abscissa, or distance of the 

ordinate y from the vertex, measured along the axis of the curve : as & increases from 
o, the radius of curvature decreases till it becomes a minimum, and then increases: a 
difficulty seems to arise respecting the magnitude and variation of the radius of cur- 
vature, when, the dimensions being increased sine limite, the form of the curve ap- 
the equation of the curve be y* = *—* x x, where þ represents the parameter, the 
I the 


ll 


—” TT YT" 0p 


e - SAL n 
— 


— — 


5 i Bf * * * wr 1 : 
way te, — —— which quantity 


. TS 


' {4 * , ' a 
: * . . , ” i 1 , = * 1 * 


= 


; i " XX $6.4 


| 96 minimum when 5 = x5 EIS, een the least eben 


— =” 


rature” its or r= þ x 


2 xn 
— Hae rp x LD, both of which quentidies ane. evanescent, 


Shewing se of the patties ans increased sine limite, the curvature 
at the extremity of the ordinate, when the abscissa = o, is infinite, the radius of cur- 
vature being nothing, as it ought to be, at the point H of the parallelogram BHO D. 


- 
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ultimately coincides, when the dimen sions > are increased ine 
limite. This extreme case has relation to the subject of stu- 
certain, that as the bee ——— ines frlerend, 
the stability will approach to that which is the consequence of 
making the sides parallel to the masts; but it has been shewn, 
W — 2 WWwunn - 


* * 


A e — e 
3H, HO, (fig. 23.) being inclined at a right angle, when coincident with the sides of a 
rectangular parallelogram: but, since the curvature is nothing at the vertex O, the ab- 
scissa being then = o, and before the abscissa has increased to any finite line, the cur- 
vuature at the extremity of the corresponding ordinate OH is infinite; and vince the cur- 
vature between the points O and H must necessarily pass through all the intermediate 
gradations of magnitude, it becomes a question to define the abscissa and correspond- 
ing ordinate, when the radius of curvature is a finite line : 2dly, when it becomes eva- 


nescent; and, lastly, when it is again infinitely great. By referring to the preceding 
expressions for the abscissa and corresponding radius of curvature, it is found, that if 


+ represents the parameter, and x is made -- (the number ndenotiog the dimen- 


sions of the curve,) when u is increased sine limite, the radius of curvature will be 
greater than any line that can be assigned: and such is the curvature of any portion of 


the line OH, between the points O and H, adh, if r in = E, the. radius of cur- 
vature will be = . the ordinate approximating to equality with the line OH. gdly, 
ifs =, "the radius of curvature will be smaller than any finite line : and, lastly, 


if &= * or any finite line, the radius of curvature will be greater than any assignable 
line : which conelus ions are immediately inferred from the equation expressing the 


. 
1 — 5 = 
— * — 4 r Ks * 5 424. 3 "ITE 7 „% 64 — x4 8 5 =_ 
— 


=. | , 
— — when the number of di- 
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K * 


mensions u is increased sine mite, these successive as in the 1 a 
takiog place while the abscixva x is increazed from o to any finite magnitude. 


Lls 


a2n—2 
* | 
radius of curvature, orf — XX | 


. ͤ⅛ðQ3ũů m pn” = _ 


8 — 
hola da the stability f is the dame; as when the sides are plane 
auacen, parallel to che plane of the mazts: It is inſerred that 
if dhe aides of a vessel are formet to coincide with a parabola 
of -the-loweat, and-the-eides' —— — 
curve of the highest dimeriion, all the other conditions being 
—— 2 a — 
these two extreme cases. wy 
An proceeding to ascertain the . —— 

N 
eg when the oblique aigments are objects ol consideraton 
ited properties of the figures. But, 

in these and similar cazes, methods 3 — may be 
— wh of the dae may be inferred, LA ee r 
— 5 any that ne nec 


which erhibit the lineal measures of stability not strictly and 
rigidly" tue but 2 nearly as me 0 aches 
. 0B 'inved for the quam 2 
ture of curvilinear spaces, are founded on Sir Isaac Newrox's 
discovery of a theorem, * which, from having bn any | 


* Case x1. pages 255, 286. i ny 
+ The comparative stability, in i ed NG Beaton, b eta b. 
ply, that the vessels are inclined at equal angles of inclination from the upright, all 
tha rhe coviſtiens (the Howe bf he cies Ree) being the came. Et 
t The areas of any parabolic segments, either direct or oblique, are geometrically 
quadrable, but, in the oblique segments, the pocitions of the centres of gravity are not 
determinable generally by direct methods. 
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number of points situated in the same plane, he could ascertain 
the equation to the curve which would pass through them all: 
and, by means of this equation, was enabled to express the 
ordinate in the curve, corresponding to an abscissa of any 
given length, as well as the area intercepted between any two 
of the ordinates. This discovery the author himself considered 
amongst his happiest inventions: Amongst the various uses of 
this theorem, that of determining by approximation the areas 
of curvilinear spaces is not the least considerable: for, by 
by any known rules of direct investigation, are found, to a de- 
gree of exactness — ——— * 
with very little trouble of Computatt 
"Mr. SrowzNG, in hs was mate Method di iferentialis 
nated by parabolic curves from having given g. 5, 7, er g equi 
distant ordinates, and the abscissæ on which they are erected. 
The meagures of the areas thus obtained are, n 
— — eras. yano—— 
near spaces, in general, are obtained from finding the correct 
areas terminated by parabolic lines which nearly coincide with 
K INny 
ordinates. = 
The . table contains Mr. Sita ana! 8 ks for ex- 
pressing the areas of curvilinear spaces, from the conditions 
which have been mentioned; also additional rules for measuring 
the areas which are included between the extremes of 2, 4, 6, 
or 8 equidistant ordinates : the whole of this table has been re- 
computed and verified. 
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the third and last but two, and so on. The extreme letter, sup- 
pose D, (as in the rule opposit ; 
two middle ordinates, if the number of ordinates is even; or the 
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In . the letter A denotes the en aged 
to it in the first column : 
B is the sum of the second and last but one: C is the sum of 


>-8 ordinates,) is the sum of the 


letter, suppose D, (as in the rule opposite 7 ordinates,) 
is the nike te arte if the number of ordinates is odd. 

R is the entire length of the abscissa, which is always equal to 
the common interval between the ordinates, e by the 


number of ordinates diminished by unity. 


3 —— . the carve line 


ABCD, Sc. (Tab. XIII. fig. 24. ): A' is an abscissa, on which 


a number of equidistant ordinates AA, BB', CC', &c. are erected 


at right angles. If ABCD, Sc. represents a parabolic line of any 


dimension, suppose n, the relation between the ordinates and ab- 


CC NE CD ]% ͤ -.. ⁰ ˙m XM![Jy K? 
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. +tz, 
&c. + uz", (in which case, the ordinates are drawn parallel to 
the axis of the curve,) a measure of the area contained between 
the extremes of n - 1 ordinates will be obtained with geome- 
” trical exactness, by computing from the rule in the table which 
is opposite the number of ordinates n + 1, supposing the table. 
toextend to that number : but if, as it usually happens in cases 
which practically occur, that the nature of the curve is un- 
known, or the conditions in other rexpects different from thove 
: c . wh e 
table should be adopted for inferring an approximate value of 
W since an exact quadrature is not obtainable. For this 
{ , there are several reasons for preferring the rules oppo- 
en of ordinates a, 3, and 4 to the others, which 
require a greater number of ordinates; the common distance 
between them being the same. In the firet place, the rules 
here pointed out are far less troublesome in the application; a : 
circumstance which ought to have weight, although of less im- 
portance than another consideration, which is, that the results 
derived from these rules, particularly from the two latter, will 
in general app cimate as nearly to the true value, sometimes 
more nearly, than those which are obtained by 2 
from the other more complicated theorems, unless the curve 
should happen to be such as admits of being correctly measured 
by any of the rules requiring a greater number of ordinates; 
a circumstance not likely to occur in practical mensurations. 
Let it be proposed to measure by approximation any curvi- 
linear space ARI IA (fig. 24.) For brevity, let the successive 
ordinates AA, BB', CC, Sc. be denoted by the letters a, b, c, 
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&c. c. respectively; also, let the:common distance between the or- 


dinates-(fig. 23) or RN B'C'= CTY be r; according 
enn mea the ares contained between two 
ordinates; org. = N, the curve line AB is supposed to 
wick the right” Ine AB” which joins the extremities of it: 
the zpace measured by this rule is the trapezium A* N RA: 
3 
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ABC is supposed with a portion of the conic para- 
bola, the auis af which is rr — 
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ANC'CA will Frans hay = — we with exactness — 
; and, the more nearly the curve which terminates 


rea. But it is evident, that since in this. 
Rr 


Ae of the. — curve, the difference (RAG; the p ne 


ares and that which is given must, in most (except ea XU extreme) 
cases, be next to an insensible quantity, when applied to prac- 
teln mn 1 a Aer, 

In the menguratian of areas by the rule opposite 4 ordinates, | 
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a parabolic curve line is supposed to be drawn through the 
points A, B. C, D, of the gd dimension, such as the are of a cubic 


parabola, the ordinates of which are parallel to the axis of the 


curve, and the area terminated by this curve line is assumed 


to approximate to the given area AA DDA: by this rule, the 
area = A F Bx, in which expression A= a+4d,B=b+c, 
and R = gr, which being substituted for their respective values, 


the area AA'D'DA=aÞFgb+3gc+dxE5. 


In order to bring these rules into a form convenient for prac- 


tical use, let it be proposed to measure the area AA'G'GA (fig. 
24.) intercepted between the extremes of 7 ordinates. 


1st. Suppose the right lines AB, BC, CD, &c. to be assumed, 
instead of the curve lines AB, BC, CD, Sc. as terminations of 
the space to be measured: then the area AA'G'GA will be 
equal to the um ol * AA BB, BB OCC, CC'DD 


and SO ON. 


rate areas, the sum ill be the area of the space AA G GA 


=a+2b+2c+F2dÞ2e+2f7Þ+gx5. Thelaw of con- 
tinuation for a greater number of ordinates is obvious. This | 


rule is precisely the same with that which is given by M. 


|  Bovevx, in his work entitled © Traits du Navire,” under 


a form somewhat different: his rule is this; from the sum of 

all the ordinates subtract + of the sum of the first and last; the 
_ © Page 112. 
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The area of the trapezium ABB 2 7 Fr. £ * the 
rule opposite 2 ordinates: by the same rule, the area of the 
trapezium BB'C'C=b Fox 5; the area of the trapezium 

CCDD SYS dx, and so on. By adding these six sepa- 
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result multiplied into the common distance between the ordi- 
nates will be the exact area of the figure, considered as con- 
sisting of trapezia, and an approximate value of the curvilinear 
area in which the said trapezia are inscribed. This rule he pro- 
fesses not to be a very correct approximation, but such as may 
be deemed sufficient for most practical mensurations. It must 
be acknowledged, that in mensurations independent of others, 
| the errors arising from this rule are often not considerable, 
(in many cases they are very small;) but, considering that in 
naval mensurations, areas obtained by approximation are ne- 
cessarily the data from which other results are to be inferred, 
also by approximation, a doubt may arise whether the errors 
thus accumulated may not, in some cases, become too great; 
at least it may not be improper to be provided with rules which 
may be relied on, as approximating more may to the true 
measures of areas. 
Let the same area be measured by the rule opposite g ordi- 


| nates, according to which it is supposed that the curve line : 
ABC coincides with the arc of the conic parabola. By this 


rule, the area ANCCA=a Fit Perg: als the area 
CC'E'EC = PAT = 5: and the area EF'G'GE | 
SN „ the 
| cum is the ares A= 


X =. 


This rule is . same with that which Mr. Simpson has * 
monstrated in his Essays, page 10g, from the properties of the 
conic parabola, perhaps not noticing that it was to be found in 
Mr. STIRLING's table of areas. 


the Stability of Ships. 267 


Mr. Cunaruax, an eminent author on the miles of naval 
architecture,* applies this theorem to naval mensurations, as a 
substitute, and certainly an useful one, to the less perfect rules 
which are employed for this purpose, in the works of M. Bou- 
GUER and other authors. The example by which Mr. CyHarMan 


illustrates the use of this rule is the same with that which is 


given in Mr. Siursox's Essays. 
This approximation to the measures of areas being applicable 


Committee of the French Royal Marine Academy, who were appointed to examine 


the translation of Mr. Cxaruan's Treatise on Naval Architecture, by M. Via 
Ds CLaitno1s; this report is prefixed to the French edition of Mr. Caaruan's 


ma” 


«« deplacement, qui sans Etre beaucoup plus longue que celle que Von emploie com- 


© munẽment, donne un resultat infiniment plus exact. On considere ordinairement 


« les parties curvilignes des plans de flottaisons, ou de gabarits, entre les extremites 


s des ordonnees, comme des droites; M. CHarman les regarde comme des parties 
*« paraboliques ; et, de la nature de cette section conique, et du trapeze, il tire une 


«« expression sur laquelle il fonde un calcul assez simple, &c. 


A comparison of the results derived from this rule, and from that which is em- 
ployed by M. Boucuer, does not seem to confirm the opinion of the very superior 


exactness which the committee here attribute to the former rule: that it is more exact 
there is no doubt, especially when the curvature is at all irregular in respect to its varia- 


tion, and the results inferred are data on which other computations are to be founded; 


but, in many ef the cases which occur in practical mensurations, the latter rule ap- 
proximates to the required results sufficiently near the truth, as will appear by the 
instances in the subsequent pages. The expression une nouvelle methode” can- 


not be understood to mean a rule of computation newly invented, but one which 


Mr. CHarmMan has first applied to naval mensurations. In this sense, the theorem 


inserted in the 265th and 268th pages of these papers would be entitled to the appel- 


lation of <* a new method: but it has already been shewn, that the three rules here 
22 and employed in the computations which follow, are only particular cases 


of the general method demonstrated in the works of Sir I. m.. STIRLLING, 


31 MPSON, and other authors. 


M m 2 


„b on Bd Gans h is inserted in the Report from the 


Ce celebre constructeur commence par donner une nouvelle methode de calcul de 
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only when the number of given equidistant ordinates is odd, 
to obtain the area when the number of ordinates is even, an- 
other rule, to be employed either singly, or in conjunction with 


the former, may be selected from Mr. Srinxlixo's table of areas. 


It is that which stands opposite 4 ordinates. 


Let it be proposed to measure the area AA'G'GA. Abend- 


ng © ths rate, the area e e e ig. 


also the area DDO NT ge + g= 


these two areas being added together, the cum will be th are 
ANGGA=7FaFFarFedF gr Foal} TE 


When the number of given equidistant ordinates is small, these 
theorems will be most conveniently used in the forms here given: 


but, when the ordinates are numerous, the trouble of arithme- 


tical computation will be considerably abridged, by employing. 


them according to the general rules inserted underneath. 


These theorems for approximating to the values of areas, may 


be applied, with advantage, to the integration of fluxional quan- 


tities, the fluents of which cannot be obtained by direct methods; 


or, if obtained, requiring very long and troublesome calculations.“ 


Suppose 2 to represent the abscissa of a curve, on which the or- 


2 On this principle, the rules of * here given are applicable to deter- | 


mine the positions of the centres of gravity, both of areas and solid spaces. If y is put 


to represent the ordinate erected perpendicular to an abscissa, at the distance z from the 
initial point thereof, the fluent of yzz (fig. 24.) will be the sum of the products ari- 


sing from muitiplying each ordinate into the small increment æ, and also into the dis- 


tance 2 from the initial point. And, since the area intercepted between the ordinates 


AA' and y is the fluent of yz, it follows, that the distance of the centre of gravity 


of this curvilinear space from the ordinate AA“, measured on the abscissa A'T, is 


_ The approximate values of these fluents are obtained from the Rules 1. 11, 
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dinates — age term or function of 2), a, b, c, 
d, &c. are erected at right angles, and at intervals each of which 
is r, so that when z =o, 7 


 2=2r, Z rc, and 80 on. 
of Z be supposed drawn between each of those which are given, 


at the common very small interval z, the sum of the products 


arising from multiplying each of the ordinates into the incre- 
ment 2, that is, the fluent of Zz, will be found, by approxima- 


tion, according to the three following rules; which may be not 


improperly termed, rules for approximating to the integral va- 
lues of fluxional „ . to 


RulE I. 


Fluent of Zz=P—S x rs 
in which expression, 5 
enn &c. 
8 the sum of the first and last ordinate. 
r= the common distance between the ordinates. 


| RULE 11. 


Fluent of Z 25 FT. 
in which expression, 
8 = the sum of the first and last ordinate. 
2 = the sum of the ad, 4th, 6th, 8th, Cc. ordinate. 
 Q=the SUM of the gd, 5th, 7th, th, &c. ordinate, (the last 
excepted. ) | 
r = the common distance between the ordinates. 
and 111. and the positions of the centres of gravity are thus determined according to 


the methods of computation employed in the subsequent pages. The position of the 
centre of gravity in solid bodies, is determined by a similar application of these rules. 


=a: when z r, Zb; when 
If innumerable ordinates or values 
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"RULE It. 


Fluent of ZS TF x =; . 
in which expression, 
| nee Hee and fave nen 
e OS 7th, 10th, 13th, &c. ordinate, the an 
excepted.) att! 

Obe sum of the ad, 3d, zth,6th, Sth, 1 &c. ordinate. 
r == the common distance between the ordinates. 5 
It is to be observed, that the first of these rules approximates 


to the fluent, whatever be the number of given ordinates. The 


second rule only requires that the number of ordinates shall be 
| odd. To apply the third rule, it is necessary that the number 
of ordinates given shall be some number in the progression 4, 
7, 10, 13, Sc. that is, the number of ordinates must be a mul- 
tiple of g increased by unity. But, in every case, the approxi- - 
mate fluent may be obtained, either from the Rule 11. or the 

Rule 111. or by employing both rules conjointly. = 

Before these theorems are nie to practical mensurations 
in naval architecture, it may be satisfactory to examine, by a 
few trials, to what degree of exactness they approximate to the 
correct values of curvilinear spaces. This will be known, if the 
area of some curve, which is exactly quadrable by other geome- 
trical rules, be measured by them. Such as a parabolic figure of 
which the equation is y* , 7 being the abscissa coincident 
with the axis, and y the corresponding ordinate perpendicular 
to it. 


The semi-area of this parabola (fig. 25, 26 is known to 


be æxy x =; and the curve is termed a parabola of 8 dimen- 
SIONS. 
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| OD is an abocizes, being a portion-of the axis of this curve, 
and the parameter is assumed = OD. If, therefore, an ordi- 


nate BD, or DA, is drawn through the point D perpendicu- 


lar to DO; the lines DB, DO, and DA, will all be equal. 
Let BD be divided into 10 equal parts, “ considered in this in- 
Stance as an abscissa, on which, at the points of division, tge 
several ordinates are erected perpendicular to BD, denoted in 
the figure by the letters a, b, c, d, &c. If BA is assumed = 100 


equal parts, DB, DO, and DA, are each = 3 if} cab 


interval between the ordinates = 5; the numerical values of 
the successive ordinates a, b, c, Ec. are expressed in the an- 


nexed table. 85 

2 | "= 50.0000 

9 == 26.0000 

* = 49-9999 

d = 49.9967| 

e == 49-9072| 

f == 49.8047 

1 == 49.1602 

1 = 47.1175 

1 241.6113 

k 228.4766 

= o ooo 
Sum of all the | 
ordinates — = 466. 1941 | 


According to the Rule 1. making 
the sum of all the ordinates, or P 
= 466.1941, the sum of the first and 
last ordinate, or S = 30: r= 5 = the 
common distance of the ordinates. ; 


The area BDO = P 


222035. 670 
correct area kergers = 2222. 222 
Difference + or error of Li 
the approximation 16.552 


* CCC lines drawn parallel to each 


| Other, and intercepted between the abscissa and the curve, are termed ordinates. To 


exemplify these rules for approximating to the areas of curvilinear spaces, it was ne- 
cessary to consider the ordinates as being drawn „ and in others 
perpendicular, to the axis. 
+ It must not be concluded, from this instance, that the errors in measuring cur- 
vilinear areas by the Rule 1. will be usually so great as 16 parts in 2222. In applying 
the Rule 1. to this parabolic space, the quick variation of curvature in some parts of 
the curve, causes the space so measured to deviate more from the truth than would 
happen in ordinary cases, such as commonly occur in practical subjects. If, instead of 
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Saga cles te mnt ec 
be as underneath : | 


| | Sum of all th ordinate - = 466.1341 
Sum of the first and last, or = 50.0000 | 
n B&s. . — 


$+P= 275.395 9275-3955 


Sum of the 3, zth, 7th, &c. (except the last) or Q = 190.7986 
| and r being=5, the area BDO=S+4P+2Qx—= = 2221.765 
3 Correct area e 2222. 222 


 Dilfebunes or error of the approximation = - 457 
Let the ame area be measured by the Rule 111. the area 
DOKI, between the two ordinates a and b, being = 5 x 50 
= 250, the remaining area, from the ordinate b to the ordinate 
Ic, will be obtained from the following computation: 


: The sum of all the ordinates = 416.1341 
Sum of the first and last, reckoning - 


b the first, and the last | =o or S = 50.0000 
Sum of the 4th, 7th, 10th, &c. (6 being 


the K = 97.0847 147.0847 
Sum of the 2d, 3d, 5h 6th, &c. from b, or Q M = 269.0494 


the total area = = DBO, (fg. 25.) « enen of ©, which is contilued between the an- 
| nates a and g,. should be measured, the area, computed from either of the three rules, 
ap tion r Page Demo 
Areas contained between the ordinates a and g, 


computed by Rule 1. Rule 11. Rule 177. 
Areas r 1497.13 
Correct area 1497-20 1497-20 1497.20 
Difference or error of Ap— — — — 
approximation - 46 « 07 


Ik the rule in the table of areas opposite 7 ordinates should be applied to measure 


the area between the ordinates à and g, (fig. 25.) the result would be geometrically 
correct. | 


And, renn the ordinates 


bandl=S+2P+gQx% | . ee = 1971.220 
Ares IKOD berween the ordinates « and b = 250.000 


(3 033} 31 4 — m_ 
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174 area D oN. dr 42120 
Difference or error of the eee == 1.002 


In applying these rules, it is mme to observe, that if | 
the ordinates are drawn perpendicular to to' the axis of the curve, 
whenever the area to be measured, or any part of it, is adjacent 
to the vertex O, the area found by these rules will be the least 
exact: in such cases, it will be requisite to assume an abscissa 

near the vertex O, perpendicular to the axis: by erecting equi 
distant ordinates upon it, parallel to the axis, the area will be 
found, with the same exactness as in the other canes, which will 
appear by the following computations. 

DOA (fig. 26.) is a semiparabola, similar and e to > DOB. 
Let the line DO= go be ad into 10 equal parts, each 
=5; and, through the points of division, let the succes- 
sive ordinates ö, c, d, &c. A PR perpendicular to DO: 
according to the preceding observations, if the entire area DOA 
Should be computed by either of the three rules, the result 
would be less exact than in the former cases. To obtain an 
approximate value of the area, sufficiently near the truth, a por- 
tion of the area adjacent to the vertex O, suppose XEO, is to 
be separately computed. If OX be = 10, the line XE vill 
40.8890, which being divided into six equal parts, each of 
them will = 6.815: let the ordinates p, , 5, t, &c. be erected at 

the points of division, perpendicular to XE: 
- MDCCXCVI11I. — 
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2 22 


_— RC -R——— 


. eee dhe area OXE 
is found by the Rule u. to be 


50 8390 — 


= 363. 101. 


__ — 


ns. Yd rd x i 
*Y 


For obtaining the e area DAXE, the ordinates 1 6 d. Sc. 
erected on the abacizza DX, are as creed undemeath.: | 


== = Þ — n DAXE, between the ordi- 
48.624 . foage-—=—_6] 
| 47.820] obe = = 18z8.760 
2: r traces 

dinate; and l, before found = 36g. 101 


p . - 
. L + _ b *. 
* * N 
” Ste Ov 


 — 4 
- 


Entire area DOA == 222 1.861 
Correct area = 2222.222 
Difference or error of the 


imat „2901 


» D ork ee and i had een computed by the Rle 1. th 
| revult would have been nearly the came. | 


Area between the ordinates a and i, by Rule 1, is > =: hah 
Area between the ordinates i and 1, before found, is 363. 10 


Entire area DOA =< =— = 2221.08 
Correct area = - = = 2222.22 


Difference or error of the approximation 0 1.14 


1 


Il the total area DOA (fig. r b 
— „ e N the 


If this area should be computed according to 

the Rule 1. the error ar the W 

found =— — - — 7434 
It is easily shewn, that Pn errors, which are far from in- 
considerable, arise almost wholly from the mensuration of the 
area OXE, (fig. 26. j adjacent to the vertex O. For, by measur- 
ing that area, according to the Rule 11. from three ordinates 
Is, k=g7.495, i == 40. 88g, the area is found 1 to be 318. 113 


Difference or error from computing the area XE 


by Rule 11. tei iir i vet a7 ==. 45-348. 


- 


Scarcely differing frm 48347 


* 


which was found to be the error from computing the entire 


area DOA by this rule. 
If the area between the ordinates a and I be measured by 
the Rule 111. it is found to be 


Area between the ordinate & and 1, by the proper- axes, 
ties of the figure, is = g7.495x5xF - = 166.640 


— 


Difference or error of this approximation 1192 


From these computations it is evident, that the rules here 
given, when employed with attention to the —_— limita- 
Nn 2 


275 


. * a & . 1 * 1 
* n ie 2 1223 222 
| | - 0 , 
=_ 


Diflirens « or error of the ak” RE” "1 45-347 


Whereas the correct area OXE = : 10 x 40.889 x þ = 865-457 


i =  n0g50g0 


Entire area DOA - = 2229.030 
Correct area - — == 2222.222 


r ro An br — — 
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areas, to a degree of vio emo sufficient for naval men- 


surations; and further, will be useful in determining by ap- 
weanimation the integral values of fluxional quantities in ge- 
”  neral, especially those which occur in _ the I, of 


practical oubjects. 


-” 
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CASE XII. 


Still supposing the Py 1s sections of a vessel to be equal 
and similar figures, let BOA (fig. 27.) represent one of these 
sections; the figure being either a curve of the higher dimen- 
sions, or a curve not formed according to any geometrical law, 
of which the lengths of the ordinates, and of any other lines 
given in position, are supposed to be measurable, and given in 
quantity: the angle at which the vessel is inclined from the 
upright, and the other necessary conditions being known, it is 
required to find, by geometrical construction, a line which 
shall approximate N to the measure of the vessel's sta- 
bility. 


9 : 15t Metbod. 

BA represents the intersection of the water's surface when 
the vessel floats upright: bisect BA in the point D; and, 
through D, draw the line NDM inclined to the line BA at an 

= angle ADM, equal to the given angle of the vessel's inclina- 

tion: let the area of the figure ADM, also the area of the 
figure BDNc, be found by means of the rules which have been 
described: suppose the area ADM þ to be greater than the area 
BDNc, and let E represent the difference between them: from 
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the point D, in the line DA, set off a line DS g b 


a line CSI, drawn through the point 8, parallel to NM, 
will. cut off the area ASH b A, very nearly equal to the area 
BSC B; (fig. 27.) consequently, when the vessel is inclined 
to the given angle, the water's surface will intersect the vessel 
in the line CSH. (Tab. XIV. fig. 28.) Draw the lines AH, BC. 
Let M and I be the centres of gravity of the triangles ASH, BSC, 
respectively; through M and I, draw M1, 1k, perpendicular to 
CH; through 5, the centre of gravity of the area Ab H, draw 
hU perpendicular to SH; and, through c, the centre of gravity of 
the area BcC, draw cR perpendicular to CH: in the line IU, 
take IL to LU as the area All h is to the area ASH; and, in the 
line FR, take E K to ER as the area Be C is to the area BSCc. 
Let G be the centre of gravity of the vessel; and let E be the 
centre of gravity of the dis placed volume when the vessel floats 


* Let the area ASHb e (fig. 1 
of them = A. Let the space DMHS be denoted by M, and the space NDSC by N: 
then the area ADM b will approximate very nearly to the quantity A + M, and the 
area BDN to A—N. The difference of chese areas will be M + N, which is equal to 


the area NMHC = * : MN * D; and, consequently, DY = — and, because 


NN 
DY : . flee ell Glow tes DF gp — ; 
N 3 5in. ADM. 


+ In these small curvilinear spaces, it will be sufficient to assume the positions of the 

centres of gravity by estimation, on a supposition that the curve coincides with the 

arc of a common parabola ; in which case, the centre of gravity is Situated at the dis- 

tance of 2 of the abscissa from the ordinate, or chord which joins the extremities of 
the curve. The position of the abscissa is determined by drawing chords parallel to 
the given chord, and by drawing a line through the points which bisect the sever al 
chords. But, when the curvilinear spaces AH ö are extremely small, as represented in 
this figure, (fig. 28.) no sensible difference in the result will ensue, whether the line 

BU is drawn through the centre of gravity of this curvilinear space, or through any 
other point which is adjacent to that centre. 
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upright. Through the point E, draw EV 


RL.; and; in EV, take ET to EV as the area ASHb is 60 the 
area representing the entire volume displaced : through G, 
draw. GU parallel to CH; and, through T. draw T perpendi- 
cular to GU, intersecting the line GU in the ſe, Z. 82 * 


| the measure of the vessel 5 stability. 


* Method. 


"I BOA hs 5 be the given vertical section of a vessel, in- 
 tersected by the water's surface BA when floating upright. G is 

te vessel's centre of gravity: E is the centre of gravity of the vo- 

lume displaced in the upright position. Let the: area BOA be mea- 

sured by either of the three Rules, suppose Rule i.; and through D, 

| the bisecting points of BA, draw NDM inclined to the line BA 
in the angle ADM, equal to the given inclination of the vessel 


from the upright. Let the area NOAM be measured, by erecting > 


equidistant ordinates on the line MN. If the area, so found, is 
equal to the area BOA, the area DBN will be equal to the area 
ADM. But, if they are unequal, let the difference be represented 
by E, and from D, toward the largest of the areas, suppose ADM, 
et off DS= NA ABN and, through S, draw CSH pa- 
rallel to NM. The area ASH ö will approximate to equality 
with the area BSCc; and, consequently, when the vessel is in- 
clined through the given angle ASH, it will be intersected by 
the water's surface in the line CH. On the line HC, let the 
equidistant ordinates a, b, c, d, Sc. be erected perpendicular to 
CH; and let the common interval between the ordinates be 
Sr. Let the measure of the area CLFK be obtained, and let 
m be the centre of gravity of this area: through the point , 
draw mP perpendicular to CH: let each of the successive 


\ 
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given ordinates be multiplied into its perpendicular distance 
from the ordinate a. The terms resulting will be a x o, b x r, 
Cx2r, d x gr, &c.; let these terms be added together, and 


half the sum of the first and last term being subtracted from 


the amount, let the result be denoted by the letter C; Cr — area 
CLFK x KP will be the sum of the products arising from mul- 
tiplying each evanescent area M into its distance Q from 
| the first ordinate a. In the line KH, et off a. K 


icular to CH; and; through the ce c et ae 
draw GZ perpendicular to IT. GZ is the measure of the ves- 


Z angle ASH. 


figures: whereas, in n this Sens amd a of the 
sections are gradually changed, according as they intersect the 
longer axis at a greater or less distance from the head or stern. 
The solutions of the preceding cases, and the principles therein 


each particular section intersecting the longer axis at right 
angles, and at equal e n into account also, by 
the methods which have been described, all the sections inter- 


mediate between those which are given, that may be conceived 


wee ebene 


ccc accord- 


ing to this computation, the area COAH ought to be measured by the same rule; in 
which case, the line KI will be determined nearly with the same exactness as by either 
of the Rules 11. or 111. 


. 
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sel's stability, when it is inclined from the upright through * | 


= In the canes which have prcoed, te vera ections of 


established, may be next applied to investigate the stability of 
vessels, taking into consideration the form and magnitude of 
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- CASE x11. RE mere: 
babes axis of a 2 be divided into a 
den number of equal parts, and vertical sections to pass 
through the several points of division, intersecting the axis at 
right angles: the form and magnitude of each particular sec- 

tion- 0 given, with the common distance between them, 
the positions of the centres of gravity of the vessel, and of the 
EO, ka displaced, and the distance of the water-section from 
the keel, being known, it is- required to construet the measure 
5 of the vessel's stability, when it is 1 from * e | 
cghrough a given angle. 
Let QBOAW(Tab. XV. fig. go. 3 vertical zection | 
of a vessel; suppose it to be the greatest or principal section: BX 
is the breadth of this section at the water- line, when the vessel 
floats upright : let CH represent the line which coincides with 
the water's surface, when the vessel is inclined from the up- 
right through the given angle ASH. From the nature of the 
conditions, it is sufficiently evident that the point S, in any in- 
dividual section, will not be determined on the same principle 
by which the position of that point was fixed according to 
the former solutions; that is, by making the area ASH equal 
to the area BSC; because, the volume immersed, and that 
which is caused to emerge in consequence of the vessel's in- 
clination, will not now. be proportional to these areas, as 
they * are on a supposition that the vertical sections are similar 
and equal figures. But, in the present case, the vertical sections 
being different, both in form and magnitude, the water's sur- 


— 


See page 210. 
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CH; when the vessel is inclined; will so divide the areas of the 


several sections, that although the area Ash may not be equal 
do the area BS Cc, in any of the vertical sections, yet the volume 
immersed, corresponding to, and included between, the areas of 
the figures ASH, taken from the head to the stern of the ship 
Shall be equal to the emerged volume which is included between 
the areas BSCc, in the several sections. Suppose the breadth 
of any section at the water-line ꝰ to be denoted by BA, and to 
de tigected in the point D. A vertical plane Pasing through 
the vessel's longer axis and the centre of gravity O, and divi- 
ding the ship into two parts perfectly similar and equal, will 
pass through the points D, in all the sections: this plane may 
de termed the plane of the masts. It is easily shewn, that at 
whatever distance DS, from the middle point D, the plane of 
the water's surface, passing through the lines CH, intersects 
the line DA in any one section, when the vessel is inclined 
through the angle ASH, it will intersect the line DA at the 
same distance from the middle point D in all the other sec- 
sections: ſor, by the supposition, the vessel is inclined round 
the longer axis, and consequently, the intersection of the two 
=. e IE Ines BA ut Of, "wil eren 


We 


een ee ee denies e eee eee 
must be understood to represent the lines similarly drawn in each of the other sections. 
In the present instance, BA does not represent the breadth at the water's surface, of the 
principal, or any other individual vertical section, mn . 
in any of the sections that may be referred to. 

+ Represented by the point G projected on the plane BOA. bremen 
E is, in like manner, here represented by projection on the zame plane. 
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through. all. che points D, from one extremity of the vessel to 
_ the other; the several lines — 


CE nd ⁵ th traatiieds od:odhs 


une DS, according to the given conditions: whatever be the po- 
sition of the points 8, if lines CH are drawn through 8, in each 


pass through all the lines CH. It is required to ascertain at 


With the water's surſace when. the veaael is inclined, must pass, 
30 as ta cut off a volume on the side AS Hb, being the volume 
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» to a line drawn 


of these parallel lines, and are ons 


of the sectiona, inclined at an angle to the line BA, equal to 
the given angle of the vessel's inclination, the same plane will 


what distance g, from the points D. che plane CH; eoineiding 


'mmersed, which: shall be equal to the volume in the nde 


BSCc, Which e eee danse 


the vessel's inclination. ue 1 n 15 
In each Section, ane hi tp D, Ae «i 0 
NDW. inclined. ta BA at an angle ADW, equal to the given 


angle of the vessel's inclination; the same plane will pass 
through the lines NDW, in all the sections. By the methods 


which have been described, let the area of the figure ADW b. 


de measured in each section; from these equidistant areas, the 


solid contents of the volume between the two planes DA+ and 
DW, and the ide of the vessel intercepted, may be inferred by 


e bb ende deen with: tha; water's. undes, nl 
dem must be horizontal ; and being, by the A 
with the longer axis, must therefore be parallel to it. 
Freer 
water's surface in all the sections, this plane may be supposed projected into the line 
DA on the plane DOA. For A ͤ Ä K 
la through all the lings D in all the eqctons- 
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volume to be denoted by the letter P, and the volume contained 
by similar operations, to be denoted by the letter Q. Let the 
area * of the section of the vessel passing through the lines 
put =R. IF the vohimes P. and Q-should 3 P being 


= * t, in the line DPA, set off, in each section, a line DS 
= Wr If « plans csi be don paaaing trug all 


the points 8. and inclined to the plane BA at the given angle of 
the vessel's inclination, the Solid contents of the volume between 
the planes SA, SH, and the intercepted side of the vessel, will 
N approximate to equality with the volume contained between the 
planes SB, SC, and the intercepted side of the vessel. Since, 
1 therefore, the water's surface coincides with the plane BA when 
the vessel is upright, when it is inclined round the longer: axis, 
, through the given angle ASH, the water's surface will inter- 
sect the vessel in the direction ol a plane passing "Od the 
lines CH, in all the sections. * | Sts 
Leet the solid contents of the volume immersed, or emer 
by the inclination, be denoted by the letter A. 
In the section QBOAW, let M. be the centre of graxity : 
of the triangle ASH, and let ö be the centre of gravity of the 
curvilinear area AHb; also, let I be the centre of gravity of 
the triangle BSC, and let c be the centre of gravity of the 
curvilinear area BCc : through these points, draw the lines 


That is, the area of the rection coinciding with rhe water's gurt when the ves 
sel is inclined to the given angle. 


Oog 
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MI, bU; 14, cR, perpendicular to CH; and, in the line IU, 
take a line IL, which is to U as the curvilinear area AH b is 
let a line Ff be drawn- perpendicular to SH ; the same plane 
distance Sie ins ene of. from the plane E/, are to be 
calculated in all the sections; from which products, by means 
of the Rules“ 1. 11. and 111. the sum of the products arising from 
multiplying each evanescent solid, of which the base is the 
area ASH b, and the thickness a small inerement of the axis, 
into the distance SJ. of its centre of gravity from the plane 
Ey, will be obtained. The sum of these products, divided by 
the solid contents of the volume immersed A, will be the 
distance of the centre of gravity of that volume from the ver- 
tical plane F/. Suppose this distance to be equal to the line 
SQ : let the d istance PS, of the centre of gravity of the vo- 
lume emerged, or BSCc, from the plane Ff, be found from 
similar computations ; the line PQ will be the distance of the 
centres of gravity of the volumes ASHb, BSCc, estimated 
in the direction. of the line CH, perpendicular to the plane 
F. 

The old contents of the entire volume doplaced by the ship, 


are to be obtained from the areas, either of the verijcal < or _ | 
zontal Sections. 


9 


» wWuenever the Rules — 111; ace- referred to, it is meant that the compu- 
tation is to be made from one or more of these rules, . number of or- 
dinates given, or as other circumstances my direct. 


+ See Appendix. 
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The ordinates drawn in the several sections being set down 
— hg egg horizontal section is to be 
found from the corresponding series of ordinates, by means of 
the Rules 11. and 111. and, by the same rules, from the areas of 

the horizontal sections so determined, the solid contents of the 
total volume immersed are to be inferred; some allowance be- 


ing made for the irregular parts of the volume adjacent to the Eo 


head and stern, if attention to these additional volumes should 
be thought necessary. That part of the volume which is con- 
tained between the keel and the nearest horizontal area, is ob- 
| tained by first finding the area of each vertical section between 


the Rules 11. and 11. the solid contents of the volume between 

the keel and nearest horizontal section will be measured, and is 
to be added to the volume before found, which . be- 
tween the two extreme horizontal sections 

Let the colid contents d the diglacel valume be denoted 

by V. 

"Fran the ances of Shakbertioncd AO TEC CUE EE 
terval between them, the distance DE, of the centre of gravity of 
the volume immersed, from the water-section, is to be obtained 
dy means of the Rules 11. and 1©mn.; by finding the sum of the 


which the base is any horizontal section, and the thickness a 
small increment of the vertical axis, into that small increment, 
also into its distance from the water-section : the sum of these 
products, being divided by the solid contents of the volume dis- 
placed, will be the distance DE, of the nn from the 
centre of gravity of that volume. r 
The * of the vessel's centre of gravity G, depends 


the keel and nearest ordinate : from these areas, by means of 


products arising from multiplying each evanescent solid, of 
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 eircumstanc ——— or the dis- 
. and chat of the 


thy Maw Grand the ci 
—— Hit WA be as in the former cares. - 
TI h the point E, draw the line EV parallel and equal to 
the line PN; and, in EV, take ET to EV as the volume im- 
mersed by the inclination is to the entire volume displaced; or 


as A to V. Through the centre of gravity G, draw GU parallel 
to CH, and through the point F draw T perpendicular to GU. 


G is the measure of the vessel s stability, when inclined from 


the upright through the angle ASH. 
The weight of the vessel and lading is Wund rom the fol- 
lowing proportion: as 1 cubic foot is to V,. the volume dis- 


placed, e ee 
therefore be = == ton. 
| Thearithmetical operations required for ascertaining the 5ta- 


11266 Gdthodthch to Mr. Corss, (Hydrostatics, page 73,) the specific gravity of sea 
water is = 1.03, when that of fresh water is g 1. And, since the weight of a cubic foot 
of rain water is 1000 02. or 624 pounds ayoirdupois, it will follow, that the weight of 
a cubic foot of sea water is 62.5 x 1.03 = 64-375 pounds avoirdupois. Mr. Cuar Max, 
In his Treatise on the Method of finding the proper Area of the Sails for Ships of the 
Line, infers the weight of an Englich cubic foot of sea water to be 63.69 pounds avoir- 
dupois. If an average between these results be taken, the weight of a cubic foot of 
'209,water will be very-nearly 64 pounds avoirduyois ; and the weight of 35 cubic feet 
of sea water will be almost exactly one ton. According to the tables published by M. 
Daissou, the $pecific gravity of sea water is 1.0263, when that of rain water is 1. By 
computing from this specific gravity, the weight of a cubic foot of sea water will be 
64-14 pounds avoirdupois. 64 pounds aroirdupois is asrumed as the average weht, 
in the ensuing computations. 
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ficult, although they necessarily extend to some length; in 
order to give an illustration of these rules, by applying them to 
a particular vessel, I obtained, by favour of Messers. Ranvair 
and Bxenr, eminent constructors, a draught expressing the form 
and dimensions of a large ship,“ built for the service of the 
East India Company. According to this draught, the vessel is 
divided into gg vertical segments, by 34 sections, intersecting 
ms. cadmas at right angles, 2 distance of 
The lengths of the ordinates — in ho od tablet 
_sufficiently define the form and magnitude of each of the 94 
vertical sections; it will not therefore be necessary to represent 
| their figures by separate drawings, since the constructions and 
calculations founded on them, for inferring results in any one 
Section, are indie tothe which are __— the — 
The 1 ! or EVER, section, which, according to this 
draught, intersects the longer axis at about 60 feet from the 
ist section adjacent to the head, is represented by the figure 
BAO (fig. 31.): BA is the breadth at the water- line = 4.16 
ſeet. BA is bisected in the point D; and DO, drawn througn 
N to BA, is the distance of the keel from the 


* The ship LI "LEG 2 


+ Mr. BaEN r, jun. abe 1 
of these sections on a large scale, and like wise of drawing and measuring the equidis- 
tant ordinates necessary for calculating the areas thereof, together with such additional 
lines as are required for constructing the measure of the vessel's Ty, ee th 
the principles delivered in the preceding pages. 


See Appendix. 
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wuter· section = 29:45 feet.” The line DR = 22 feet, is divided 
into 11 equal parts, and, through the points of division, 12 ordi- 
matt rage] — Ie line BA; at t the common die- 
tance of 2 feet. * * 
———— 3 — — 
at an angle of go, and the line NDW is drawn through the 
Point D, inclined to BA, at an angle ADW = go*: proceeding 
according to the solution which has been given, by measuring 
the line: DW = 22.6 feet, pgs feet, the area of the 


triangle ADW = == 22 = 121 92 Square. feet. Also, by 


mensuration, the line WA =11 55: this line being divided 
into six equal parts, of 1.925 each, if ordinates are drawn at 
the points of division, * to che line WA, IP are 
found to be as here stated. 


„ 1 I 


frets _ canton ti dn * 
1 — as main ing ger | 
j4 = 0.900 1 C. oo | ofwhichthe two extremes are o, 
5 = 0.15 4 ©.60 | the area of the curve space AWh 
c = 0.99 2 0.60 = 2.95, which being added to the 
4 = 0.45 4 1-72 | area ADW=121.99, the area of 
le = 098 $ JS the entire figure ADW 124.87. 
| f = 0.29 4 0.92 By similar calculations, the area 
8 = 0.00 | 1 0.00 | of the figure BDNc is found to be 
Bott ner | pt . oy 2 68. -& | 
1 Sum 4-60 be 1 of the figures ADWb 
[4 common interval and BDNe, being measured in 
|= 642; and the area | each of the 34 vertical sections, 
[AWh = 40 x . are found to be as follows. 


| » "The numerical = measures of these lines are inserted in the table of ordinates ; (see 
Appendix ;) the numbers are entered ia the 12th vertical section. It is not necessary 
to express them in the figure. 


1767.77 


86.31 66.06 
48. 20 
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g | Rule 111. from the areas of the g figures 
.80| ADW þ here given, together with the 


_ 
The: vertical ; 


longer axis at a common interval of x 


feet. By computing, according to the . 


common interval of 3 feet, a result will 
be obtained, which approximates very 


| nearly to the solid contents of. the 
8a volume between the planes DA, DW, 
.04| and the intercepted side of the vessel. 


> throughout the entire length of it. 


Making, therefore, according- to 
Rule 111. hs ana of the Stand live 
Fen =S = 114,921 


-42 And the sum of the gth, 


109.81 


105.80 
| 98.92 
91.71 


79.93 


17.92 


| „ 


66 Sum of the 2d. gd, 5th, 


119.93 
1] 116. 88 


91 11g.8g| 


7th, 10th, 1gth, Sc. | 
re 34h, P 1167. 58 


8 + P = 1278. 79 
= 8767. 77 


S th, Sc. areas 92448898 
Solid contents of the volume between 
the planes DA, DW, and the intercept- 
ed side of the vessel =S + 2P + 3Q 
x 5 = 1887.5 cubic feet. 8 
From the g4 areas of the figures 
BDNc, as entered in the table, by com- 
puting according to the Rule 111. the 


solid contents are obtained, of the vo- 


3700.83 lume between the planes DB, DN, and 
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the intercepted Side of the vessel: for, observing the notation 
* en and applied t to the areas BDNc. 


25 20 P= = - 1188. 2 
2 = 

| The olid contents of the volume e the planes DB, 
DN, and the intercepted side of the vessel, | 


TPTA = 18452 
Volume between the planes 
DA, DW, and the inten- 
; OA Gone, = 38587 | 


Difference * = 155 cubic feet. -— 
The area of the section passing through all the lines cow, 
s found from having these lines given by mensuration, and the 
common interval of g; feet between them. This area is = 7106 
Square feet. The distance DY * between the plane NW and the 
plane CH, which coincides with the water-section, when the 


vessel is inclined go from the upright, is = 75, = .099 parts 


of a foot, and the distance DS+ A. = 044 parts of a foot, 


or little more than + an inch: e ION it is unne- 
cessary to take any account in this construction. T 
When, therefore, the vessel is inclined from the Sd Henk, | 
through an angle of go* round the longer axis, the water's sur- 
face will _ 2 the middle point D of the line BA, in all 


0 EE 283. 3 Wk This. | 

t The form of the sides above and beneath the water line, is hd be re 
points D and 8 almost to coincide ; but, in vessels differently formed the distance of 
these points is often considerable. The present instance points out the method of con- 
structing the line DS, as distinctly as if it was of greater magnitude. 
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the sections; the volume immersed, by the yy on the 

side ADW, being equal, in a practical sense, to the volume which 
emerges on the side BDN. Let each or either of these volumes 

be denoted by the letter A = 1850g cubic feet, being the ave- 
rage value between 18432 and 18387. Through the points D, in 
all the sections, draw lines Ff perpendicular to the lines NW; 
the same plane passes through all the lines Ff: in the next 
place, the distance between the centres of gravity of the volumes 
immersed, and caused to emerge, in consequence of the vessel's 
inclination, estimated in the direction of a line NW, perpendicu- 


lar to the plane FF, is to be obtained. To effect this, the line 


Dl, in the principal section, is found by mensuration to be 
=1g.8, IU=7.0g; and the area AWB 2.95. The area 
ADW þ has been found = 124,87. 1 Wherefore, according to 


the preceding solution, the distance IL= 5 0.17, 


which being added to the line DI = 19.8, the sum will be DL 

- = 13.97, and the product arising from multiplying this line 

into the area ADW þ will be 13.97 & 124.87 = 1748. Similar 

products being obtained, arising from multiplying the several 
areas ADñꝗ Wb into the perpendicular distances of their centres 
of gravity from the plane Ff, also the several products arising 
from multiplying the areas BDNc into the perpendicular dis- 
tances of their centres of gravity from the plane Ff, in each of 
the 34 vertical sections, the results will be as expressed i in the 
adjacent table. 


* The point M is the centre of gravity of the triangle ADW, as in the general 
construction and solution: M is drawn through M, perpendicular to NW: the line 
IL is found according to the method described in the same general solution. 
3 - 1 Ibid. 


Pp2 
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— 


n h Suppose the volume "ICEM by the 
e lr f inclination on the side ADW b, to be di- 
8 143 | vided into very thin laminæ, or solids, the 
bases of which are the areas of the succes- 
ive figures ADH b, and the thickness a 
small increment of the longer axis; by ap- 
plying the Rule 111. to the products in the 
adjacent table, corresponding to the figures 
7 | ADW b, we shall obtain the sum of all 
the products, arising from multiplying each 
, | of these thin solids into the perpendicular 
distance of its centre of gravity from the 
plane Ff=SF2PFgQ x—=254967; 
which sum of products being divided by 
the solid contents of the said volume, or 
18509, will be the distance D, of the 
centre of gravity. of the volume ADW 
from the plane Ff = 52997 — = 13.78; and, 
5 | by a similar calculation, the distance DP 
? | from the plane F f, of the centre of gravity 
| of the volume on the side BDN c, caused 
5 wo emerge by the inclination, will be 2 
| = 19.54 = DP. 
| The sum of these wo lines, DQ-+DFP; 
or PQ, will be = 27.32 feet, which is the 
| distance of the centres of gravity of the 
2 | volumes immersed and emerged, in con- 
Sequence of the vessel's inclination, esti- 
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mated in the direction of the line NW, perpendicular to the 
plane F. f: let the line PQ be denoted by the letter bz. 
The solid contents of the entire volume displaced are next 
to be measured, from having first obtained the areas of the 12 
horizontal sections, intersecting the vertical axis at the common 
interval of 2 feet, and dividing the immersed volume into 11 

horizontal segments. The areas of the several horizontal sec- 
tions are measured by Rule 111. from having given the ordinates 
drawn in the said sections, A 
head to stern, at the common interval of 3 feet. 
The mensuration of the area of the horizontal section 12, 
which coincides with the water's surface, from the ordinates 
2 entered in the annexed * table, is as follows : 85 


* 


tal See- 
e . According to the Rule 1 mn. 

| 19 | 21.48] dl S= 23.75 

20 21.32 P = 206.41 
21 aua 22 1 
2 21.05 = 444-05 
29 | 20.82 the a area of half the horizontal section 


2420,61 19=BF2PFgQ x + = 3316.3, 
| 28 2223 and the total area of the horizontal 
2719. 85 | Section 12 = 6633.6 square feet. 

28 19.58 The areas of the 12 horizontal sec- 

29 .19-25| tions, computed by Rule 111. from the 
oy 4 ordinates, as expressed in the table 
2 17.52 inserted in the Appendix, are as fol- 
33 16.50 lows. He 

34 12.95 A 
1074-19 


„ See Table of Ordinates, in the Appendix. 
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a. OE 


Aw ie} 


Sections. 


| EEE | The rolid.comtents 0 of the yolume between the 
| t. ections 12 and 2, is measured by the Rule 11. by 
making the sum of the 12th and ad areas = 8 


ho e gth nd gd, =P 


$ 
6 |= 119791. 2 cubic feet. - 


t Or o O 


| | 4 
[ y * 2 * 


— — the sections 4 and 1, is found to be 


Contents 1 «6 sections 12 od 1 


as in the annexed table. 


— —— . ern wt 


1 12 ana 2, is Ff r N- * ＋ 


By Rule 11. the contents between the sections 
1 4 and 2 is — 5 3 fon ; 


Contents between the sections 2 andi 
Contents between the gections 19 ands 


1 r ORE the sec- 
tion 2 and 1, may be obtained by the Rules 11. 
 |62800.5 and 111. For, by the Rule 11. the contents 


= = 227388 | 


17012.0 


= 118519.0 


To the volume thus determined, the contents of the Space 
between the horizontal section 1 and the keel, are to be added. 
To measure this volume, the areas must be first obtained of 
the 34 vertical sections which are included between the first 
ordinate in each vertical section and the keel; which areas are 
found, by the methods of mensuration ne described, to be 


8 O O FÞ 


n 


55 


8 


4 
5 | 
.o | ET is inferred; for, n to the . 
theorem, 


| 


1 =r =; feet, the solid contents between the 
[ rt horizontal cection and te ke is found to 


* : 
* i 
: 


; 
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Applying the Rule 111. to these areas, and 
| making the common distance between them 


be S+2P+gQ * —— = 871.0 feet. 
Contents between we horizontal se- pe. | 
tions 12 and 1 - a 118513.0 
Contents between the fret section at 
the keel“ nau — 1 0 
9.3 Total contents of don ta 


between the first and thirty-fourth _ 

vertical section 13884 
Let this volume be represented by the letter V. 

By the preceding computations, the line PQ 


5 | = b was found = 27.32, and the volume 
immersed by the vessel's inclination, or A 


118309. From these determinations, the line 


as V 2 K : 8 * Er or 


119384 18509 27.32 +23. 
wherefore ET = 423. 


Carbs ate Me ed headed br rail displaced, | 
cannot be applied to the irregular parts of the vessel, adjacent to 
the head and stern, without constructing and measuring the or- 


dinates by which their forms are defined ; the same observation 
applies to the mensuration of the body of the keel and of the 


rudder. But, as these additional volumes bear a small proportion. 


to the entire volume displaced, they may be determined by an 


estimate founded on the draught of the vessel, sufficiently near 
the truth, without taking the trouble of a more rigorous calcu- 
lation by equidistant 2 


To inſer the deen of ability from this vue of he ine ET, 
WW”. necessary to have given the distance GE, between the 
centre of gravity of the vessel, and the centre of gravity of the 
volume of water displaced. The position of this latter centre is 
regulated entirely by the form and dimensions of the body under 
water; and, on this account, is to be considered as a point abso- 
lutely fixed, in respect of the water-section, or other given plane. 
But the position of the vessel's centre of gravity being regulated, 
partly by the construction and equipment of the vessel, and 
partly by the distribution of the lading and ballast, can be as- 
sumed on the ground of supposition only; unless in cases where 
the position of this point has been actually ascertained. In 
some vessels, the distance GE has been measured, and found 
equal to about 3 part of the greatest breadth at the water-line : | 
without kibwhng what the real distance of the two centres of 

gravity G and E may be, in the ship of which the dimensions 
are here given as subjects of calculation, the distance GE may 
be estimated (merely. for the E of  exemplifying the pre- 
ps rules) a _ - 39- 
_—_— the activation of the vessel from Us apright being 


30˙ GE x sin. go 22 2.69 = ER: which being sub- 


tracted from ET = 495; will "OP TR or GZ = 1.53 feet, 
the measure of the vessel's stability, when inclined round the 
longer axis through an angle of go*. if 

The solid contents of the volume displaced deg 11 WA 
cubic feet, the weight of the vessel and contents will be equal to 
that of 119384 cubic feet of sea water; which, allowing 35 cubic 
feet to each ton, will amount to g410 tons. According to this 
determination, the force of stability to turn the vessel round the 
longer axis, when inclined from the upright through an angle 
of go, is a force of 3410 tons, acting at a distance of 1.53 feet 
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from the axis; which force is equivalent to a weight or pressure 
of 241 tons, acting at a distance of 21.58, or half he 2 
at the water- line from the axis. 

In this computation, the distance GE, between . 
gravity G and E, has been assumed without considering the 
absolute position of these points, in respect to the water- section 
or keel. But the distance DE, or OE, ought to be known, since 
the point E being fixed in the same vessel, when the weight is 
given, and the centre of gravity G being within certain limits 
moveable, the adjustment of this centre, by means of the lading 
and ballast, will be better regulated, if the position of the point 
E be first ascertained: the distance DE will be ſound from 
having given the areas of the 12 horizontal sections, and the 

contents of the volume between the section 1 and the keel. 

5 Suppose the areas of 12 horizontal sections of the vessel to 
be given, as they are expressed in page 294; let the displaced 
volume be conceived divided into laminæ, or very thin solids, 
of which the bases are the areas of the successive horizontal sec- 
tions, and the thickness a small increment of the vertical 
axis. The sum of the products arising from multiplying each 
of these segments into its perpendicular distance from the sec- 
tion 12, also a similar sum of products for the solid contents 
adjacent to the keel, will be found from the computation | 
Subjoined. 


„ This equivalent weight is not hw wad wh counterbalanced by the wind, 
which probably never acts with sufficient force to keep a vessel of this weight inclined 
permanently from the upright to so great an angle. But the measure of force which 
acts to turn the vessel round the longer axis, when inclined to this angle of 300, is 


pockely et which — according to the given conditions. 
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Products of each Numbers for | 
area, multiplied computing 


into its distance according to 
from the Sectio the Rule u. 


9 


FF — — — —- — 


. 
000.0 
2 13136.8 
4 | 25997-2 
60 
8 


2 * 1 


52547-2| 

319944 
1351776. 

99808. | 


| 237952. | 
| 196507.2 
299790-4| 
_n8505.6| 


oa 
* ; 


37944-0 
499940 | 
_ | 59488.0 | 
12 6825.6 

| 14 | 749476 
5 4:26 | 78505.0 


8 
O C 


— a 


ms od 10 * 0 Wb » 


Ee od? Yo 5, Wi products = | 11088808] 
| The common interval between the sections bein g 2 feet, the 
sum of all the products arising from multiplying each thin 
horizontal segment contained between the section 12 and + 


into its distance from the water-section, will be 3 ; of 1108880. 8 
= 739253, by t the Rule 11. 


Numbers for ; 

computing 
4 according to " 

„ a 7 Reg pee Rule 111. 
4906.6 | 16 1 5 1 7 1  78505.6 
4298.6 | 18 773748 g | 2921244 
| g417.0 | 20 | 689400 3 | 205020.0 
9250 | 22 2030. o 1 20350.0 


—- 4 


= 9 00> 


* ** "Os a 2 * 


| 5 | 536000.0| 


Sum of the products arising from Ber each thin 
Horizontal segment between the section 4 and 1, into its distance 
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from the section 12, = 4 x 536000, by the Rule 111. = 402000 
Sum of the products between section 12 and 4 = 739253 
* The contents of the volume between the keel and 
the ordinate 1, multiplied into the distance of its 
centre of gravity from the section 12 _ - = 19465 
Bum of the products arising from multiplying each ——— 
horizontal evanescent solid into its distance ou Ret 
the water-section 8 — 21160718 
The sum of products, thus found, divided by the entire vo- 
lume dis placed, will be the distance of the centre of gravity of 
that volume from the water-section, or 


DE = 575 * — = 9.7224, feet. 


If the distance between the centres Asen 
should be assumed + of the breadth BA at the water-line, or 
5.39 feet, this distance being subtracted from 9.22 feet, will 
be the distance of the vessel's centre of gravity beneath the 

vwater- section, or DG = g. 8g feet. 
Io determine the limiting point or metacentre W, above 
which if the centre of gravity G should be raised the vessel 
will overset, it is only necessary to compute, by means of the 
Fluent of BA* xz 


Rule u. or 111. the value of the line EW =p 2 
where 2 represents any portion of the longer axis: AB = the 

| breadth of the water- section, at the distance z from the initial 
point where the mensuration commences : 2 = a small incre- 
ment of 2: V= the solid contents of the volume displaced. 
By computing the cubes of each ordinate of the water-section, 
drawn at the common interval of 3; feet, as represented in the 


Equal to the sum of the products arising from multiplying each thin horizontal 
segment between the section 1 and the keel, into its distance from the water- section. 
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a c 


- 6:29 {8 | | * | * — 
3 of each Numbers for | 170 72 2 
according 2 | 
fromthe Sectio the Rule 11. 4 
7 — —ũ— — —V — 1 
ern | 
WE 5 131968 | 4 52547-2| 
| 4 | 259972 | 2 | $519944 
6 | g79440 | 4 | 1517760] 
| 8 | 499040 | 2299808. 
10 | 594880 | 4 | 237952. | 
12 | 682596 2 | 196507.2 
14 | 749476 | 4 | 2997904] 
4906.6 | 16 7 8505.0 Wits $i:3'Y FRE z 
Ir bens 9) 1 = Sum of the prod ucts == | 118880 5 i 


The c common interval between the sections being 2 feet, the 
sum of all the products arising from multiplying each thin 
horizontal segment contained between the section 12 and 4, 
into its distance from the water- section, will be z of 1108880.8 


= = 739258, by the Rule 1. 


| Numbers for 
| computing 

according to - 
Rule 111. 


4 | 4906.6 | 16 | 785056 1 78505.6| 
| 3 | 42986 | 18 | 779748 g | 232124.4| 
po 3417.0 | 20 | 68g940.0 3 | 205020.0| 
1 | 9250 | 22 | 20g500. 1 | 20330. 0 

YR BEVERY acid CO 1 536000. 


Sum of the Ws arising = ——— each thin 


horizontal segment between the section 4 and 1, into its distance 
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from the section 12, 1 x 536000, by the Rule 111. = 402000 
Sum of the products between section 12 and 4 = 799253 
* The contents of the volume between the keel and 
the ordinate 1, multiplied into the distance of its 
centre of gravity from the section 12 - = 19465 
Sum of the products arising from multiplying each 
horizontal evanescent solid into its distance from 
the water-section = - - 821160718 
The sum of products, thus found, divided by the entire vo- 


lume displaced, will be the distance of the centre of gravity of 
that vol ume from the water- section, or 


DE == 1 8585 = 9.7224 feet. 


If the distance between the centres of gravity G and E 
should be assumed + of the breadth BA at the water-line, or 
5.39 feet, this 3 being subtracted from 9.22 feet, will 
be the distance of the vessel's centre of gravity beneath the 
water-section, or DG = g.8g feet. 

To determine the limiting point or metacentre W, above 
which if the centre of gravity G should be raised the vessel 
will overset, it is only necessary to compute, by means of the 


Rule 11. or 111. the value of the line EW = — & : 
| where ⁊ represents any portion of the longer axis: AB = the 
breadth of the water-section, at the distance z from the initial 
point where the mensuration commences : Z = a small incre- 

ment of z : V = the solid contents of the volume displaced. 
By computing the cubes of each ordinate of the water-section, 
drawn at the common interval of 5 feet, as represented in the 


„Equal to the sum of the products arising from multiplying each thin horizontal 
segment between the section 1 and the keel, into its distance from the water-Section. 


Qq 2 
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table · of ordinates, the total sum of these cubes is 27657325 
Cube of the ist ordinate, or 10.78 = 1252.73 
Cube of the g4th ordinate, « or 12.95 = 2171-75 


Sum 8 = 3424.48 
Sum of the cubes of the 4th, 7th, 
10th, Sc. 28th, and gist P = = 88628. 41 


S+P_ e = g20gs.fg 


Sum of the cubes of the 24, gd, 5th, 6th, Sc. 32, 

880 O - - 3 = 184520.32 

S+2P + gQ =734242.26, 8 5 
will be = fluent of BA X = 11,013,63g.9; and 


since V= 119384.0, EW = = — 367 7.688 feet. 


In this vessel, the centre of the immersed volume E is 9.72 
ſeet beneath the water's surface; it follows, that the meta- 
centre will be 2. og feet beneath the water's surface. 

| The total weight of a vessel and contents is inferred from 
knowing the volume of water displaced by the vessel, the solid 
contents of which space have been calculated in the preceding 
pages, from the areas of the 12 horizontal sections intersecting 
the vertical axis at a common interval of 2 feet. By similar 
calculations, we may determine the several weights of tonnage 
which will cause the vessel to sink to any different depths, esti- 
mated by the horizontal line or section which is coincident 
with the water's surface. 

The solid contents of the volume included between the ho- 
rizontal sections 12 and g, is found, by the Rule 111. to be 39120 

cubic feet; displacing a weight of water (ing 35 feet to 


„ See Appendix. 
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a tan) of 1117.6 tons: the volume between the sections 11 and 
9, is found, by the Rule 11. to be = 259826, displacing 741 tons 
of water: the volume between the sections 12 and 11 will 
therefore displace a weight = 377 tons. 

By similar computations, the following results are obtained. 


From the Difference | Difference 
water-Section, of tonnage. From of tonnage. 
12 to 11 _ g77 tons. 12 to 11 377 tons. 
11 to 10 374 12 to 10 751 
10 to 9g = 9s un 

VV 

8 to 7 7 1823 

7 to 6 333 12 to 6 2156 


If any one of the adjustments determining the stability of 


a vessel should be altered, the several other conditions on 


which that power depends, will most commonly experience 


corresponding changes, the effects of which it is not ny w : 


estimate, without some reference to the theory of stability. 


the weight of the Cuffnells and contents should be * 


751 tons; or rather if another vessel, constructed in all respects 
like the Cuffnells, should be loaded by 751 tons less weight, the 
following changes will take place, by which the stability is 
principally affected; one of which is additive to, and the others 
subtractive from, the stability of the vessel. 
Ist. The section of the water will be nearer to the keel by 4 
feet; so to coincide with the horizontal section 10 instead 
of 18. = 
The centre of gravity of the displaced volume will be nearer to 
the keel than before bb -<- = 2.19 feet, 
Admitting, therefore, in the first instance, the 


centre of gravity* of the vessel and contents 
to remain at the same distance from the keel, 
the distance of that centre from the centre of 
the displaced volume will be increased by 2. 1g feet 
and this change will operate to diminis minish the sta- 
bility. 
_edly. The total weight being less, will have the 
effect of dminizhing the » in the pro- 
portion of - 3410 to 2660 
_gdly. The breadths of the — at the water - 
line are less than before, being the double 
ordinates in the horizontal section 10, instead 
oſ those in the horizontal section 12. By this 
change, the stability will also be diminished. 
4thly. The volume displaced being less, in con- 
| sequence of the diminished tonnage, in the 
proportion of 2660 to 3410, the stability will 
be augmented by this change; not in the 
proportion of 2660 to 34 10, but in a propor- 
tion considerably greater; yet not sufficient to 
counterbalance the effect of the alterations by 
| 2 the stability is diminished: on the 


Mr. AtTwoop's Disquisition on 


* ies he ne of hc cnt of gravity of any body, or system Aten 1 6 
given plane, be denoted by the letter D: if weights are taken away from different 
parts of the system, in such a proportion that the sum of the products arising from 
multiplying each removed weight into its distance from the given plane, divided bß 
the sum of the removed weights, may be equal to the distance D, the distance of the 
centre of gravity of the remaining weights, from the same plane, will also be the dis- 
tance D: that is, the distance of the common centre of the whole system, from the 
given plane, will not be affected by the remoyal of any portion of the weights, ac- 
cording to the conditions here e. 
+ See Appendix. 
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e these * will diminish the sta- 
bility of the vessel, when inclined to a given 
small angle, in the proportion of about“ - 10o to 67 
In this estimate, the vessel's centre of gravity has 
been supposed to remain at the same distance 
from the keel at which it was situated in the 
Cuffnells, and consequently more remote from 
te centre of the displaced volume by 2.19 feet: 
suppose the vessel's centre of gravity to be de- 
pressed 2.19 feet, by altering the distribution 
of the lading and ballast, so as to be at the 
same distance from the centre of the displaced 
volume, as in the Cuffnells ; the effect of this 
_ alteration will be entirely additive to the sta- 
bility, which will be increased in the m_ 
| tion of 47 to 100. T 
An increase in the proportion of 47 to 1 100, com- 
| bined with a diminution in the proportion of 
100 to 67, is, on the whole, an increase of Ta 
stability, in the proportion of 47 to 67, or about #7 to 10 
It might be difficult to depress the vessel's centre of gravity 


- * The subject of these observations being the relative stabilities of the two vessels, 

they are supposed to be inclined from the upright to the same angle, which may be 
assumed of any magnitude, either great or small: the latter supposition is here 
adopted, which is well suited to the purpose of general illustration. But nothing can 
be inferred from these results, respecting the stabilities, when the angles of inclination 
are considerable; which are to be obtained from computations founded on the methods 
which have been described in the preceding pages. 

+ This proportion might have been immediately inferred from one 3 
only; but, by calculating the effects of diminishing the vessel's weight separately, the 
increase and diminution of stability, arising from the alteration of the several con- 

ditions, are more distinctly expressed. 
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through so great a space as 2.19 feet; and the 2 
stability which would ensue from it, may perhaps not be ne- 
cessary. If it should be required that the stability of the ves- 
sel, when the weight is diminished 751 tons, shall be just equal 
to that of the Cuffnells, this will be effected by adjusting the 
centre of gravity lower than its original . by only. 97 


parts of a foot. 


These determinations 18 to the vessel s stability i in — 
to the longer axis. But the position of the shorter axis, round 
which the ship revolves in pitching, and of the vertical axis, 
round which it is caused to turn by any horizontal force not 
passing through the vertical axis, will also experience some 
change in consequence of diminishing the vessel's weight. For 
the centre of gravity of the volume displaced, being necessarily 
in the same vertical line with the vessel's centre of gravity 
when it floats quiescent, fixes the position of the latter point, in 
respect to the ship's length, when floating on an even keel. 
And since the alteration of the water-section, of 4 feet in 
height, causes the centre of gravity of the displaced volume to 
approach nearer to the head of the vessel by about 4 a foot, 
both the shorter horizontal axis and vertical axis of the vessel 
must experience the same change of position: the former al- 
teration affects the motion of the vessel in pitching, and the 
latter somewhat increases the action of the rudder in turning 
the ship, and also affects the motion of the vessel, in turning to 
and from the wind, by causes independent of the rudder.“ 
These observations point out the alterations of stability, in 


Zy altering the distance of the centre of gravity from the points of application, in 
the longer axis, at which the water's resistance and force of the wind, when not — 
balanced, act on the vessel. 
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consequence Arn without 
e. into any consideration how far — changes are, on 
the whole, beneficiab or otherwise. 


lt is here necessary to observe, that the Ss 
and the measure of it, the subject of investigation in the pre- 
_ ceding pages, is wholly independent of the water's resistance, 
which / eq-operates with the vessel's stability only while. it 
is melining, and wholly ceases as soon as the vessel has at- 
tained to the greatest inclination, at which it is supposed 
permanently to remain in a state of equilil 
force being exactly balanced by the force of stability. 
observation will obviate any difficulty that might 3 
occur from the principle stated in page 21g; which is, that 
if the shape of the zone WHF C, (fig. 1 and a.) comprehend- 
ing that portion of the sides of a vessel Which may be im- 
mersed under, and may emerge above, the water's surface, 
should be the same in two vessels, the stability will be the same 
at all equal angles from the upright, whatever shape be given 
| to the fans of the men inp! ersed, which is situated beneath 
} provide the vessels be in other respects similarly 
constructed and adjusted: if, for instance, the keel of one ves- 
sel should be very deep under the body of the vessel, the keel 
of the other being of the ordinary dimensions, the deeper keel 
will oppose an increased resistance to the inclination of the ves- 
sel only-while it is inclining, 80 as make it heel slower; but 
will not alter the angle of permanent inclination caused by a 
given force of the wind, or other uniform power; which incli- 
nation depends entirely on the stability, which has been deter- 
mined in the preceding pages, and has no relation to the resist- 
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ande of he water) 5 which arises from the vessel's motion earn 
its longer axis. 1212 18 Won Hebt: mar © ts 
"The chject. of the eee wal lte 
founded on them, has been rather to establish' general prin- 
ciples, which may be of use in forming plans of construction, 
than to investigate what modes of construction are the most 
advantageous ; a discussion more extensive than would be con- 
sistent with ON ne te © :onsidered, 
relates to the stability of vessels _ SFO [ ane! 
eee and powers of which, conidered 
as acting either separately or comointly, it it is the empl ymen 
of theory to investigate In respect to the construction 
5 3 it is obeious that no one of the component qualities i can 
be regulated, without paying attention to all the others; be- 
_ cause, by increasing or diminishing any of the powers of action, 
the others are commonly more or less influenced. It has been 
shewn, by the propositions demonstrated in these pages, that 
there are many practical. methods by which the stability of 
vessels, at any given angle from the upright, may be aug- 
"mented; a circumstance which gives to the constructor great 
choice of means for regulating this power, according to the 
particular service for which the ship is designed; for it is not 
every mode that will be advantageous. The several varieties of 
form and adjustment by which stability is increased, may be 
so unskilfully combined, that, in consequence of the very 
means used to obtain that essential quality, either the ship 
shall not steer well, or shall drift too much 'to leeward, or shall 
be liable to sudden and irregular motions in rolling, by which 
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the masts are endangered; or those angular oscillations of the 
ship shall be performed round an axis situated so much beneath 
the water's surface, that the motion of rolling shall be excessive 


whencesoever derived, so to adapt the means to the end pro- 
posed, that the required. bility shall be imparted, without 


producing inconveniences of any "kind, or such only as are 
the N me observa- 


— 2 — — ——_—_ 


unavoidabl e, — are 


— a — 0 7 — — c 4 wm a F 7 
7 - 1 _ * # A 8 « 
* 5 
— 7 * - 7 5 f D R 4 1 
5 = e / —— — { — A ol " 1 4 1 * 42 
8 1 E * * i 4 
4 — 
4 : 
— —— — - 1 
: g * 
2 4 3 '» 
„ 
Ce» * 
you . 
7 ö * 1 / 
E : 
—— 
* . 
ww = # ? 
, & 5 
* F 4 - * * 4 - 
1 
* — - 
— — 
* : 1 — 
' 


and laborious. It is the proper use of theory, or right principle, 


| 
F 


PER "IIs 
— »*— 


2 


* 4 9 > 7 = * N N * 
— — > hw ” * 5 * " _ 


- a, - 


— — rn ——— — » wo = 8 
n a 1 * F 


Boer ——— —— i en, 


4 ie . &TKL LITES 9 4 
Ant te APPEN DIX. jJ1 .zuoirodsl brig 
f D119 Sf 0) tt BOT. abs of -02 bevind 1979029090917 
Ag 9 43 8 ih baeou 
Nl 0 . Tnventigation, e 232, 2 r 
35 CT EELIENTTCE. 
* 2 Ax 8 ; 
ku dec, IE x $eceS _ 
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This i is investigated in the following manner; 
1 I CY) IS © {i Mann 
Let R be put to denote a right angie, the other notation be- 
| + A INSIS SIE 7 LY Cog EA! 
ing the same as in page 23a; 
Then the angle DWPS=YTF TP; also DWP=R—S 


whereſore 2 FT PSR 8 and P=R—EF—S, 
and, since O = 2R— F— P, t follows that O=R— 4 TS. 
consequentiy sin. P = cos ned 6.4 

3 sin. O= cos. ! F858 

and . 


or because cos. 8 —= 1 — sin. 


ein. O x ein. P cos Fx Tm S ein. 4 Fx sin. S 
or ein. O x sin. P= cos. F — sin. 28 3 
en een 


5 | | | . | - OR — x tang.*S 
> gin. O x sin. N sec. 4 F x sec.. 8 


eee 
. 46, ih 8 

1 — tang. 4 F x tang. 8 

sec.“ 4 X sec.“ 8 


or Sin. O x sin. P 
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Note to the Investigation, Page 239. 
WQ=FE x — *LP x tang. & >x 26s; 8 


5 
The investigation follows: 
FP: PO: sin. O: sin. F; wherefore OP = =FP x22; or be- 
x sec. IP x sin. F 
— -I. -*. = OP FE * Vn. O in. P 
Fe RO sin. 4 F „ 
Na. 2 . FE x r E 


[ 


because / n- Ox ain. + = e PQ = FE 


tang. ZF N $ec. 8 = 


= = 3 — 
But PW: (OTE = LF x ta tang” *S): an. Ar pO | | 
: 8in. P; therefore PW = FE ein. Ar. OSTER 


and Wa = PW PQ = FE x LI=BE 2 LE 


din. F 

FEE r | 5 
V= IF es 

WQ= FE x Sin. ib. ib 1J. Wend FF x $ec. S x sin. "# 

.in. PX Vi ng. F tang.*S 


But sin. P cos. SF iF=c0s.4 F x cos. S— ein. I F x sin. 8, : SB 


which being substituted for sin. P in the value of pe just 
found, the result is 


AF. tang. IF x tan s x Un. F sin. 1F+ ung. F x ain. IF x tang 8 

W =F »uV 5 * 

2 * 0s. 4 F cos. 8 — in. IF x sin. S x Vi—tang 1 F tang. 8 
2 * U S—tang. IE x tang.*S x sin. FF 


cos. 1 F cos. S sin. AF c sin. S x Vi- tang. IF x tang. 8 


NEON STII CH OE TE EIT Laan 


or WQ=FE 


tang. 4 LF x ein. 3 LFxtang.S x 1 — tang. +P x tang. 'S 


* £087 Þ COS. em. F x sin. 8 x V1—rang.*F xtang.*S' 


or WQ= FE x 


» Demonstrated in page 232 + Page god. f Page 233- = 
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language, and has been translated into French by M. Via os CLZII 21s. The 
translation is intitled, "Traite de la Construction des Vaistunr, &c. par Furvannc 


Henri vs Cnarman, Premier Conslructeur des Armees Navales, de. 
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14. Sus IV. LNOZIMNOH 


Ae Dimensions of the CUFFNELLS 
The Ordinates entered in the annexed Table are the H alf-breadths, expressec 
: VERTICAL SECTION 
. L, | 2 | 3 | 4 3 EC 9 | 10| 11 | 12 | 1g 14 | 15 | 16 | 17 | 1 
os | Feet.” Feet. | Feet. | Feet, | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. 3 Feet. g Feet. | Feet. Feet. | Feet. | Feet. 1 
Ks | 17-2 | 18.9 | 19.85 | 20.4 | 20.55 20.65 | 20.55 | 20.5 | 20.5 20.5 | 20.5 | 20.5 20.5 20.5 | 20.5 | 20.5 | 20.5 | 
"mJ 17.0 | 18.9 | 20.0 | 20.55 20.75 2 21.0 21 1% | 21.0 | 21.0 | 21.0 | 21.0 21.0 21.0 | 21.0 21.0 2 
| 26.6 C | 23-3 21.3 | 21.3 21.3 | 21.3 | 21.3 | 21.3 | 21.3 | 2 
21.45| 21.45 21.45 21.45 v1.45 21.45| 21.45 P 
. 21.56 21.56 21.56 21.56 21.55] 21-33] 21.51 E 
21.60 21.60 21.60| 21.60| 21.60 21.60 21.52] 2 
0.3 21:60] 23-60 | 21.60 21.60| 21.60 21.60| ans 
q] 6.6 13-25 17.07% 19.1 [20.075] 20.65 21.05 | 21.34 | 21-45 2.5 21.59 21.59 21.59 21.59 21.59 21.59 21.65 21.52 2 
„ 11.73 | 16.24 18.55 19.73 20.45 209 21.2 21.34 21,47 | 21-51] 21.51 21.51 21.51 21.51] 21.51] 21.50 21.4 | 2 
Tl 3-3 10.0 16.1 |17.84| 19.3 | 20.12| 20.65 20.9 | 21.14 21,28 21.51 21.97 21.510 21.35 21.35 | 21.32| 21.3 | 22-2 2 
Ol 1.7 8.2 13-5 | 16.85 18.64 | 19.65 20.32 20.62 20.78 20.93 20.93 21.1 ; 53.1 | 21.1 | 21.1 21.05 21.0 | 20.9 2 
* 6.2 11.3 | 15-3 | 17-55 18.91 de] me; 20.25 ns : 20.5 20.6 | 20.6 | 20.60: 20.6 20.52 20.45 20.35 2 
4 4.09 | g.0 [13.2 |15.09| 17.7 | 18.65 | 19.05 | 19.35 | 1953 | 196 | 19.75] 19-75] 19-75] 19.75| 19.65| 19.55] 1945] 1 
i J 1.8 6.35 10 45 13-5 | 15.6 1 16.8 17.45 17.88 8.15 18.3 | 18.3 | 8.3 | 18.3 | 18.3 | 18 20| 18.05| 17.95 £ 
2 3-5 |6.85 1 9-78 | 12-15 113.6 14-55 | 15:2 |15.5 15.9 15.9 15.9 15-9 | 15-9 | 15-7 | 15:5 15.350 
s | 1 1" [399 | 55 | 675] 8. | gu | g8 [15 [10g [105 11% g8 | g. 


Common distance between the vertical sections, 5 feet. 
Common distance between the water-lines or horizontal section 
Distance between the horizontal section 1, and the upper surfac 
The ordinates of the horizontal section 12 coincide with the w. 


. 
© 0 


—_ [ To face page 310. 
CUFFNELLS INDIA SHIP. f 
readths, expressed in Feet, of the several vertical and horizontal Sections. 
RTICAL SECTIONS. > 
AT. EET TT 7] : Ne e e e 
6171819 2% 2222423 26 27 | 28 | 2g | go | 31 | g2 | 93 | 34 
et. Feet. Feet. | FR Fees Feet. | Feet. Feet. | Feet. | Feet. Feet. rect. Feet. Feet. | Feet. . Feet. 1 Feet. 
. 20.520. 5 20.4 20.7 | 20.2 ] 29-15 19.85 | 19.75] 19.5 19.3 19.1 | 18.9 18.5 [18.05 17.5 16.95 16.25 5.5 þ 
© 21.0 21.0 20.9 20. 20.65 20.5 | 20.3 | 20.1 | 19.9 | 19.7 | 19.45 19.3 18.8 | 18.4 | 17.9 | 17.35 16.65 15.7 | 
3 | 21:3 | 21.3 | 21.25] 21.4 | 21.0 | 20.85| 20.65 | 20.45 20.25 20.0 | 19.7 | 19.4 |19.05| 18.7 | 18.2 | 17.6 | 16.9 | 15.8. 
45 21.45] 21.45| 21.4 | 21.45 21.15 21.0 20.8 | 20.6 20.4 | 20.1 | 19.8 | 19.5 19.25 | 18.75 18.35 17.6 | 6a „ 
55 21.53 21.51 21.48 21.4 21.22 21.05 20.82 | 20.61 20.44 2 25 19.58 19.25 18.77 | 18.21 17.52 «Ge 12.95 
5⁰ 21.60 2221.30 21.35 | 21-24|21.075| 20.82 | 20.61 20.43 20.12 19.8 19.52 19.15 | 18.62 17.9 | 16.9 | 14.9 1 
50 21.60 21.56 | 21.50 21.35 21.25| 21.05| 20.83 20.510 20.4 | 20-1 | 19.75 19-44 19. | 18.4 | 17.4 | 15.65 14.5 | 34 
5921.55 21.52] 21.44 21.1 21.18 21.0 | 20.75 | 20.55 20.3 | 20.0 19.59 19.22] 18.55 | 17.82] 16.3 | 13.4 | 7.45| 1.95| 
51 25.201 5.4 3 LJ. 21.4 | 23.05 2 20.65 20.4 | 20.1 | 19.73] 19.3 | 18.8 | 17.9 16.8 | 14.6 | 10.35] 4-31 * 
32 21.3 | 21.2 | 21.1 | 21.9 21.85 20.68| 20.4 | 20.15| 19.85 19 35 18.8 | 18.1 | 16.85 15.05] 12.0 | 7.1 "oP 1.05 
05 21.0 | 20.9 | 20.81 20.67 20.5 20.32| 20.05 19.75 19.3 | 18.8 | 18.05 | 17.11] 15.35 gr 9.1 . 4-55] 1.85 3 
42 20.45 20.3 20.25 20% 19.9 19.7 | 19.3 29.0 18.46 | 17.88 16.8 | 15.45] 13.10 | 10.1 | 6.12 2.9 | 1:32 7 5 
69 19.55 19.45 19.3 19.15 18.9 | 18.62 18.28 17.75 17.1 16.15 14.8 | 12.85 10.1 | 7.05 3.75 1.9 . pr 
3 20 18.05 17.95] 17.75] Ds 16.9 16.40 15.7 14.8 270 11.6 | 9.35 6.65 4.26 2.3 | 1.25 80 65 
57 15.5 15.35] 15-0 146 | 14-2 13.62| 12.9 119 10.8 | 9.2 | 7.2 5.38 3-55| 2-4 | 2-45] -98 75 63 
93 | 9.8 92] 85 | bs | 64| 59 6.1 4.2 5 24 | 1.40| 1.11 90 ES 0 6e| 60 


tions, 5 feet. 


s or horizontal sections, 2 feet. 


. 
: 
E 
. 
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, and the upper surface of the keel, + of a foot. 
2 coincide with the watet's Surface when the vessel is loaded. 
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XI. See A d Optique, RP Faw alibes a 
la Reflezibilite des Rayons de la Lumiere. Par P. Prevost, 


* 1 de Pbilosopbie à Geneve, de I Academie de Berlin, 
de la Societe des Curieuæ de la Nature, et de la Societe Royale 
A Edimbourg. 2 by Sir Charles un Kut. 
F. K S. 


Read March 23, 1798. 


PREMIERE PARTIE. 
De la Refteribilite. 


bh mot t reflezibilits se prend en deux sens differens. i 
1. Nxwrox (Opt. J. 1. part 1. prop g.) entend par la, cette 
propriẽte d'un rayon de lumiere homogene, en vertu de la- 
quelle ce rayon est reflechi, s'il tombe sous un certain angle 
d'incidence; et transmis, s il tombe sous un angle plus petit: 
ou, plus simplement, une disposition a etre refléchi, et non 
transmis, à la limite qui * deux milieux 3 (Opt. 
J. 1. part 1. defin. g.) 
Tie philosophe pense qu'en ce sens la reflexibilite des rayons 
nest pas la m&me. Il établit, par des experiences, qu'il estime 
concluantes, que les rayons plus réſrangibles sont aussi plus 
reflexibles. En sorte que, selon lui, toutes les circonstances - 
etant données et constantes, si un rayon blanc tombe sous un 

certain angle sur la surface dirimante, le rayon violet sera re- 
fllechi, tandis que les six autres seront encore transmis et re- 
fractes. Mais, en augmentant Vangle d' incidence, on obtiendra 


—— as AA 
FI... X24 8 


_ = —— ee coats — 2 ©, - 
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tie reflechi pres de la perpendiculaire à un certain degre : 
en dl autres termes, une propriets du rayon homogene, par la- 
quelle son angle de reflexion est à langle d'incidence en un 


certain rapport, qui n'est pas celui Tegalits, si ce n'est en 
quelques cas qu'il indique. 


reflexibilitè des rayons, il suffira de rappeller celle on. M. 
 BroveHan attaque directement. 
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 8uccessivement la reflexion de tous les rayons, depuis le violet, 
quꝛ est le plus reflexible, jusqu'au rouge, qui Test le moins. 
M. Bxovenan (Trans. Phil. pour 1796, part I. p. 27a.) ne 
trouve pas concluantes les experiences par lesquelles Nxwrox 
Etablit cette proposition; et, fonde sur une autre experience, il 
etablit la proposition contraire, savoir, que tous les rayons ont 
la meme disposition a etre 9 pourvu 1 — d inci- 


dence soit le meme. 
M. Brovcnan entend par reflezibilite, une a a 


Selon ce physicien, ce rapport varie pour chaque rayon ho- 


mogene. Le rapport degalits a lieu pour les rayons qui con- 
nent au bleu et au vert: le rapport d'inegalite a lieu pour les 
autres; et les plus refrangi ngibles sont le moins reflexibles. En 
sorte que, pour le rayon rouge, Vangle de reflexion est moindre, 
et pour le violet, plus grand, que angle d' incidence. 


On sait que Nxwrox affirme, au contraire, que Tangle de 


reflexion est toujours Egal a Fangle d incidence. 


Discutons ces sentimens opposes. 


8 2. PREMIERE QUESTION. Les rayons . different- 
ils en réflexibilitè au sens NEwToNIEN ? En d'autres termes, 
sous un meme angle d incidence, arrive-t-il que le rayon violet 


soit réfléchi, tandis que le rouge ne Lest pas; toutes 2 


d'ailleurs étant precisement pareilles ? 
Des deux experiences, par lesquelles NEwToN etablit Vine BELY 
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Nxwrox fit tomber un rayon blanc perpendiculairement a 
la face anterieure d'un prisme: puis, tournant le prisme sur 
son axe, il observoit la reflexion qui 8'operoit à sa face poste- 
rieure. II vit le violet se reflechir le premier; puis les autres 
rayons, dans l'ordre de leurs refrangibilites, jusqu'au rouge, 
qui fut reflechi le dernier. Il en conclut, que le violet est ré- 
fleéchi sous un moindre angle d'incidence * le rouge. _ 
per. 9.) L 
| Cent cette conclusion que M. Palanan aus; et, pour 
ne . altèrer sa pensée, je vais transcrire ici ses expressions. 
That the demonstration involves a logical error, appears 
« pretty evident. When the rays, by refraction through the 
e base of the prism used in the experiment, are separated into 
their parts, these become divergent, the violet and red emer- 
ging at very different angles, and these were also incident on 
« the base at different angles, from the refraction of the side 
at which they entered; when, therefore, the prism is moved 
« round on its axis, as described in the proposition, the base is 
nearest the violet, from the position of the rays by refraction, 
« and meets it first; so that the violet being reflected as soon 
« as it meets the base, it is reflected before any of the other 
« rays, not from a different disposition to be so, but — 
from its different refrangibility.“ 
Ainsi M. Bnouchax pense que la reflexion du rayon violet 


ne precede celle du rayon rouge, que parceque la refraction 
qui a lieu à la surface anterieure, force le rayon violet A at- 
teindre la surface posterieure an que ne peut le faire le 
rouge. 2 
Mais il semble que effet est ici en sens inverse de la cause. 
Ecartons d'abord un faux sens. Il est impossible que Vauteur 
MDccxcviII. 88S 
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entre Varrivee du rayon violet, et celle du rayon rouge, a la face 


decnit la route la plus courte, tombe plus pres de la perpendi- 


conclure, qu'il tombe sous un angle d'incidence plus petit. 


Dod il suit, que c est le rayon rouge 9 le 


premier, et non le violet. 
En effet, considerons d abord la position du prisme au premier 


moment, et telle que la ré présente la figure que Nxwrox en a 
donnee dans son Optique. Le rayon blanc FM (Tab. XVI. 
fig. 1.) est perpendiculaire sur AC: en ce cas, il nest pas re- 
fracts a son immergence, et suit la droite FM. A ce point, 
Nxwrox represente le seul rayon violet, MN, reflechi, tandis 


que tous les autres, tels que MH, Ml, n tranamia et i e 


(du moins les seuls violets sont réfléchis en entier.) 


Cependant il est certain qu'il a fallu, pour obtenir cv phino- 


mene, chercher, en faisant tourner le prisme, à lui donner le 


degré d' inclinaison qui pouvoit faire reussir Vexperience : et 
M. BRoUGHAM a raison d' observer, que des lors le perpendicu- 


alors le rayon FP tombera obliquement sur A*C”, au point P; 


de sorte que la perpendiculaire PO sera du cots. A', par cons6- 
quent comprise dans Fangle APF. C'est ce qui resulte, 15. du 


posterieure du prisme. Maintenant, celui des deux rayons qui 


larisme du rayon, sur la face anterieure, AC, a dt cesser; qu en 

consequence il y a eu refraction, et que les divers rayons homo- 
genes nont point suivi une route rectiligne, telle que FM, et 
= mr OI" BC, is 
Soit . maintenant ABC (fig. 2.) ha 8 position 
du prisme, qu'il a pris en vertu de sa rotation sur son axe: 


4 Fe 6 1% a * 
7 ws voy 8 - R + 0 
F as hn 25 8 ä rr 
a "Xo +. r P p 

4 * $7 2 — * 
fo CIS, TW 
. oo. \ * 
1 - —  . 


chiefly on the Reflexibility of Light. 313 
but que s est propose Nxw rox, savoir, d augmenter Fangle d' in- 
cidence sur la face posterieure; lequel angle (formè au point 
M. dans la fig. 1. qui represente la premiere position du prisme, ) 
Etoit trop petit pour produire la reflexion. 292. Des expressions 
precises de NEwToN, qui dit que le prisme ABC est tourne sur 
son axe, selon le sens qu indique Pordre des lettres A, B, C, dans 
sa figure, qui, pour Fobjet que j a en vue, est la meme que ma 
fig. 1 

Le rayon FP (fig. 2. ) sera donc refracts en ee de 
la perpendiculaire OP: mais le rayon le plus refrangible (le 
violet) s en approchera le plus; le moins refrangible (le rouge) 
sen approchera le moins. Ainsi les routes que suivront ces 
rayons sont bien representees par les lignes PV, PR. Le rayon 
violet fera donc, avec la face posterieure B'C/, un angle PVC-, 
plus grand que Fangle PRC”, forme par le rouge. Or, les angles 
dincidence, aux points V, R, sont les complemens des angles 
PC, PRC, respectivement. 

ll est donc certain, qu'en vertu de la refraction qui s' opère a 
| la face antérieure, le rayon violet rencontre la posterieure sous 
un angle d' incidence moindre que le rouge; et, par cons6quent, 
le premier est dans des circonstances plus defavorables a la réẽ- 
flexion que le second; cependant, le premier est r&flechi, tandis 
que le second ne Fest pas encore. On est donc en droit de 
conclure que, par sa nature, il est plus reflexible au sens Nxw- 
roxixx. 1 


Tout * applique ẽ gal ement à la 10*** Experience de Nawronx, dans laquelle 
il emploie deux prismes, reunis en un seul parallelipipede. Dans Pune et l'autre Ex- 
perience, (Exper. 9 et 10.) il est question d'un autre prisme, destinẽ I rendre l'effet 
plus sensible, en dispersant les rayons reflechis : il toit inutile * de cet 

accessoire. ; 
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Ainsi la consideration introduite par M. Bovenau (et qui est 


tres juste) fait conclure a fortiori en faveur de Vassertion Nxw- 
TONIENNE. On peut dire, que non seulement, a meme inci- 
dence, le violet se reflechit, tandis que le rouge ne se refléchit 


pas; mais meme on doit dire, que ce phenomene a lieu, quoique 
Vincidence du violet soit plus defavorable a la reflexion que celle 
du rouge. 


Done enfin les rayons different en reflexibilité 3 au sens de 


Nxwron; et le plus refrangible est aussi le plus réflexible. 
Jusqu' ici, pour rendre mon raisonnement plus simple, j'ai 


hisse indetermine angle refringent, C, du prisme. Nxwrox 


le determine. Dans I Experience g. du liv. 1. part 1. de son 


Optique, il employoit un angle refringent de 45; et cependant F : 
dit expressement, que les rayons entroient perpendiculairement; 
do il suit, que Vangle d incidence, au point M, etoit aussi de 
45. On seroit donc fonde à croire, que des rayons tombant 
sous cette incidence sur la face BC, et passant du verre a Fair, 
ne sont pas tous reflechis. C'est ce qu affirme M. BRIssox, en 


exposant cette meme experience (Traité dem. ou Princ. de 


Phys. Paris, 1789. T. II. F. 1411.) Cependant il est bien 


connu que la reflexion totale a lieu sous un angle moindre, 
savoir, aux environs de 40. On le determine meme avec la 


plus grande precision : je citerai une seule autorite. © A ray 
of light will not pass out of glass into air, if the angle of in- 


« cidence exceeds 4o* 11'.” (Lectures on Nat. and Exper. Phil. by 
George Adams, London, 1794, Vol. II. p. 16g.) La determina- 
tion de NEwToN ne differe pas sensiblement de celle- ci. To- 
« talis reflexio tum incipit, cum angulus incidentiæ sit 30 10.“ 


(Opt. J. 2. p. 8 prop. 1.) Dirons- nous que, sous Vangle de 45, 


il passoit encore quelques rayons, suffisans pour rendre l expë- 
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rience sensible? Dirons- nous que le rayon FM n'etoit pas ex- 
actement perpendiculaire sur la face AC? Je pense que cette 
derniere assertion est vraie; c' est-à - dire, que dans la pre- 
miere position du prisme, le rayon FM commengoit par etre 
oblique sur AC, dans le sens opposè a celui qu indique la fig. 2.; 
en sorte que Fangle APF Etoit moindre que FPC. D'où il re- 
sultoit, que les rayons les plus refrangibles tomboient sur la face 
posterieure BC, sous un angle d'incidence plus grand, et, par là- 
meme, plus favorable a la reflexion. Sous cette forme, I argu- 
ment de M. Broucra reprend une nouvelle force. = 
Ici POptique de Nxwrox ne se suffit pas à elle-meme; elle 
a besoin d'un commentairè. Le meilleur Sera celui que nous 
offrent ses Lectiones Opticæ (Is NewTox1 Opuscul. Lausannæ 
et Geneve, 1744. Tom. II. p. 217—22g.) Voici comment Tau- 
teur y repond A notre doute. Ne qua oriatur suspicio, quod 
« refractiones in superficiebus AC et AB, ad ingressum radio- 
« rum in prisma et egressum factæ, possint aliquid conducere 
« ad effectus hosce producendos, observare licet, quod effectus 
« jidem producuntur, cujuscunque magnitudinis statuatur an- 
= "_ ACB#; hoc est, quzcunque sit refractio superficiei AC. 
.. . Imo possis efficere, quod, eum colores partim reflectun- 
« tur . et partim trajiciuntur. . . . radii perpendiculariter 
« jincidant in AC, emergantque ex AB, et sie neutra super- 
« ficie refringantur, modo statuas angulum ACB esse grad. 
« 40 Circiter, et iidem tamen effectus producentur.“ (P. 219.) 
Les auteurs les plus exacts n'ont pas omis cette circonstance. 
RoBERT SMITH, après avoir expose I'Experience ix. de I Optique 


La texte porte ABC, par une erreur typographique manifeste. Ceci est d'ailleurs 
indifferent a l'objet que j'ai en vue. Je ne cite pas ce qui a rapport a Vegalite requise: 
entre les angles B et C, parceque cela n'influe pas sur ma recherche actuelle. 
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ar; dit (ou fait dire a Nzwron meme) © Je ne me 
<< guis pas appercu. ict d aucune refraction sur les cdtEs, AC, AB, 
<« du premier prisme, parceque la lumiere entroit presque perpen- 
<« diculairement au premier cote, et sortoit presque perpendicu- 
älairement au second, et par consEquent nen souffroit aucune, 
<« ou si peu que les angles d incidence, à la base BC, nen Etoient 
pas sensiblement alteres ; surtout, si les angles du prisme, a la 
« base BC, &totent chacun de 40 environ. Car les rayons FM 


r commencent & etre totalement reflechis lorsque Yangle CMF 
« est d'environ 505 et, par cons6quent, ils formeront alors avec 


3 


«AC un angle de go 


(Cours d Optique de ROBERT SMITH, 


trad. par L. P. P. — Tom. I. $. 17. p. 190.) 


II resulte de tout ceci, que lorsque Vangle refringent du 


prisme est bien choisi, un rayon blanc, perpendiculaire AIRY 
 anterieure, AC, peut Etre dEcompos6, parcequ'il est reflechi en 5 


partie, et non en totalite ; le rayon viclet etant reflechi, tandis 


que le rouge est encore transmis. 


Je remarquerai ici, que pour repeter cette experience, et la 
rendre concluante, il n'est pas necessaire de circonscrire Vangle 
C dans les limites qui rendent le rayon FM perpendiculaire (ou 


a peu pres perpendiculaire) sur la face anterieure AC. Tous 
les raisonnemens que nous avons faits ci-dessus (F. 2.) seront 
justes, pourvũ que, dans la premiere position du prisme, Yangle 


APF soit plus grand que son angle de suite FPC; or, pour 
que cette circonstance ait lieu, lorsque la reflexion s "opere au 
point M, il suffit que Yangle refringent, C, soit moindre ou 
40. F 

Cette experience varice pourroit offrir i résultats * : 
teressans; mais les autorités que j'ai cite ne laissent pas de 


chief y on the Reftezi bility of Light. 


Les rayons plus réfrangibles sont refl&chis sous un angle 
di incidence moindre. * sont * reflexibles au sens NEw- 
TONIEN. 
F. 3. Mais M. Brovenam etaye Fopinion contraire, d'une 
experience qu'il enonce ainsi: — 
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2e I held a prism vertically, and let the en 01 another 
prism be reflected by the base of the former, so that the rays 


« had all the same angle of incidence; then, turning round the 
4 vertical prism on its axis, when one sort of rays was trans- 
* mitted or reflected, all were transmitted or reflected.” * 
La discussion complette de cette experience exigeant d assez 


longs details, je me contenterai d observer, que le plan de la face 


verticale, sur lequel S opèroit la refraction, ne pouvoit point etre 
ajusté de maniere à produire un meme angle d' incidence avec 


tous les rayons du spectre a la ſois: et, supposant meme la 8 
chose possible, et executèe un instant, la rotation du prisme 
efit change cette disposition, en alterant inègalement cet angle, 


pour divers rayons. On peut concevoir, en cons&quence, une 


multitude de resultats divers; entr autres, on peut concevoir 


que les angles d'incidence des divers rayons soĩent tels, que 
Fobservation de M. Bnouchau se concilie avec le sentiment de 
Nxwrox, sur leur inégale reflexibilite. Mais, puisque M. 


BrovGnam n'entre pas dans ce detail, et ne donne qu'un re- 
sultat unique, il est à presumer qu'il ma pas repets, ou du 


moins varie, cette experience. Ce physicien paroit meme ny 


pas donner beaucoup d' importance, par la maniere rapide dont 


il Fenonce. 


La meme experience, tentẽe par Nx wTrox, Iui 3 donne precisement le rẽsultat 
contraire. . Radii purpuriformes primo omnium reflectuntur, et ultimo rubriformes. 


Lect. Opt. ped. Tom. II. p. 220. 
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Je pense donc, qu elle ne peut pas, quant a 1 infirmer 
les conclusions de NEwToN ; et qu'on est encore en droit daf- 
firmer, au sens de ce philosophe, que les rayons les ** ré- 
frangibles sont aussi les plus reflexibles. 

F. 4 SECONDE QUESTION. Les rayons 3 different- 
ils en reflexibilite au sens BRoudRhAM TEN? En d'autres termes, 
sous un meme angle d' incidence, le rayon rouge forme- t- il un 
angle de reflexion moindre, et le violet un angle de reflexion 
plus grand, que Tangle d'incidence? 
F. 5. L experience fondamentale de laquelle M. BROUHAM 
deduit cette — nee au sens de sa n est | 
ET 
un cylindre brillant et poli, d'un tres petit diametre, (une 

fibre metallique,) étant presents par sa convexité A un rayon | 
blanc, a reflechi un Spectre colors; et, tout 6tant mesure ou 
calcule convenablement, il a paru que les rayons qui confinent 
au bleu et au vert etoient les seuls qui fussent reflechis sous un 
angle égal a Vangle d' incidence. Les rouges Etoient reflechis 
sous un angle moindre; les violets sous un plus grand. 
_ Maintenant la question se reduit a savoir si cette experience 
est concluante en faveur de la these de M. Bnou RAM. 
F. 6. Pour sen assurer, il est important de rappeller un prin- 
cipe pose par NEWTON, et admis par M. BRoudhHAM; (p. 250.) 
cꝰ est que la force quelconque qui produit la reflexion, agit: selon 
une ligne perpendiculaire a la surface reflechissante. 
F. 7. De ce principe il suit, que la reflexion oper6e par une 
surface plane, doit se faire sous la loi admise jusqu'a présent 
par tous les opticiens. (NewrToNn, Princip. I. 1. prop. 96.) Et 
cela est vrai, quelle que soit Vintensite de la force repulsive, et 
aussi, quelles que soient la vitesse et inclinaison du rayon in- 
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cident; pourvil que le rayon soĩt reellement incident, et ne se 
meuve pas parallelement à la surface repulsive. 
& 8. Cette consequence, et toute la demonstration New- 

' TONIENNE qui Tetablit, supposent que la surface agit sur le 
rayon pendant toute sa route dans la sphere de son activité; et 
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egalement a d'egales distances. M. BnouchA n'allegue rien 


contre cette hypothese, il paroit Vadmettre meme express6- 


Fadmettre ? 
F. 9. Ainsi, d après un principe qui n'est pas conteste, il 


paroit que la reflexion ne peut point dècomposer la lumiere 
15 blanche, lorsque celle. ci est reflechie en totalitè par une surface ; 


plane. 


Ceci est patents conforme a ce qu observe M. Bnouchau, 
que, par aucun moyen, on ne peut reussir a operer cette decom- 
position, en employantdes surfaces planes, ni des surfaces courbes 
d'un rayon qui ne soit pas tres petit, et, pour ainsi dire, éèva- 

nouissant. On congoit, en effet, qu'un Element de surface courbe 
d'un rayon plus grand, est un vrai plan, pour une particule de 
| lumiere. L'auteur, à la verits, explique ce phenomene d'une 
autre maniere; mais le fait, independamment de toute expli- 


cation, n'en est pas moins certain et reconnu. 

F. 10. Soit maintenant HHH (fig. g.) un tres petit cylindre 
brillant et poli, (une fibre metallique;) et BRVK le cylindre, 
sur meme axe, qui est la sphere d'activite de ce petit corps: lun 


et Vautre reprèsentés par leur section circulaire. (Ces deux 


cercles, fort in6gaux, se confondent à Vobservation. ) 


AB represente un rayon blanc, incident, au point B, sur le cy- 


lindre, ou sur sa sphère d' activité. 


Supposons les rayons homogenes inegalement . et 
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ment; (p. 269.) et, en effet, comment | ne point 
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que le rouge soit plus repouss6 que le violet : c'est une suppo- 
sition qu'admet M. Bxoucnam. (P. 267.) 
Dans cette hypothese, le rayon violet devra penetrer plus 


La route que decrit un rayon homogene, dans interieur de 
la sphère d' activitè repulsive; doit etre formee de deux branches 


Egales et semblables; et Faxe doit passer par le centre de la 


sphere, ou de la section du cylindre. Cela resulte du — 
pose ci-dessus. (F. 6.) 


Et une consequence immediate de cette remarque, c'est que DE 
ce rayon homogene ressortira de la sphere d activits, sous un 


angle de reflexion &gal a Van gle d'incidence. 
En sorte que tous les rayons homogenes, formant en B le 


meme angle d'incidence, seront tous — sous des ages 
Egaux. 


Mais, puisque les uns se sont plus enfonces que les autres 


dans la sphere d'activité, ils sortiront donc divergens; car 
C'est le seul moyen de produire I'6galits des angles de reflexion. 


La fig. g. est destinèe à exposer cet effet. Le rayon rouge, 
s'enfoncant moins dans la sphere, ou dans le cylindre d' activité 


BRVK, decrit la courbe BOR, dont Vaxe passe par le centre C; 
et il ressort par RG, faisant Fangle de reflexion ERG = ABD, 


angle d' incidence. Le rayon violet, s'enfongant plus, decrit la 


courbe BV, dont axe passe aussi par le centre C. Ce rayon 
ressort par VL, et les trois angles FVL, ERG, ABD sont 
eEgaux. 


Mais Fobservateur, voyant Fare BRV comme un point, et 


sachant que les angles qu'il mesure sont la somme de Tangle 


d' incidence et de Vangle de rèflexion, pour les rayons de chaque 
espèce, sera conduit à croire, que sous une meme incidence 


FF ²—!Yn⏑ ̃ ͤ . . — rey oe re mw’ m 99 


_ dereflexion. 
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les angles de reflexion varient: car il trouvera que la droite 
AB forme, avec les droites RG, VL, des angles inégaux; et, 
en un mot, il aura toutes les memes apparences qui se sont of- 
fertes a M. BnOUOHAM. (F. 5.) 

Il importe de remarquer ici, que si ce physicien affirms, que 
les rayons qui confinent au bleu et au vert sont reflechis sous 
un angle de reflexion egal a Yangle d'incidence, ce n'est pas 
qu'il Lait reconnu, ou pũ reconnoitre, par aucune experience 
directe: mais c est qu'il n'a eu aucune supposition plus natu- 
relle a faire. Que si Fon pretendoit que tous les angles de re- 
flexion sont plus petits, ou plus grands, que celui d' incidence: 
ou que la limite d'egalite tombe sur quelqu' autre division 
du spectre, on feroit une supposition gratuite, mais à laquelle 
Tobgervateur n auroĩt aucun fait direct a opposer. Car il n'y a 
aueun moyen concevable, par lequel, dans ces experiences, angle 

d' incidence puisse etre mesure — et — de Vangle 


F. 11. Puis donc, qu'en supposant Tun M. Brovcnan) que 
le rayon rouge est plus repulsif que le violet, on concilie parfaite- 
ment le phenomene observe avec la loi de reflexion reconnue 
pour les surfaces planes, il ann de raison de s'6carter de 

celle- ci. 

Et je conelus, de tout ce qui . que 10 rayons homo- 
genes ne sont point inégalement reflexibles au sens BRoudhA- 
MIEN; en d autres termes, que la loi de reflexion admise par 
: Newrow, est la vraie loi de la nature. 

F. 12. II resulte de la discussion 1 que les rayons 
violets se reflechissent plutot, et les rouges plus fortement. 

Lors meme que ces deux effets auroient lieu dans des circon- 
stances pareilles, ils ne seroient peut-<tre pas inconcil iables. 
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On pourroit concevoir que la sphere d'activits s'6tend un peu 
plus loin pour les violets que pour les rouges, mais ͤ— 
sur ceux- ci avec plus d' intensĩtè. 

Mais il est essentiel de faire remarquer, que ces deux effets 
ont lieu dans des circonstances tres differentes, meme oppostes : 
et cect indique une exception importante a Vassertion de NEw- 
TON, sur Vinegale reflexibilite des divers rayons homogenes. 
Dans les experiences par lesquelles ce physicien Tetablit, 
(Exp. g et 10.) la réflexion $'opere dans le milieu le plus 


dense; “ elle se fait donc par attraction. Au contraire, dans 
les experiences de M. BRouGHam, (que j'ai exposees sommaire- 
ment au F. 5.) la reflexion s opere dans le milieu le plus rare; 


cest-a-dire, qu elle se fait par rèpulsion. 
Ainsi, d'une part, on voit que les rayons les plus cefrangibles, 


ou les plus attires dans Facte de la transmission, sont aussi les 
plus attires dans Facte de la reflexion; et, d autre part, on voit 
que les rayons les moins refrangibles, ou les moins attirés dans 


la transmission, sont les plus repousses (c est- A- dire les moins 


attires, ) dans Yacte de la reflexion. 


Ceci paroit faire exception A la loi d'inegale reflexibilits New: 
TONIENNE; puisque cette inégale reflexibilite nest prouvee par 
NewroN, que pour le cas où le rayon se meut dans le milieu le 
plus dense. Je ne me rappelle pas que NEwToN, ni aucun 


opticien, jusqu'a M. BROVOHAM, ait traite l'autre cas. Les 
experiences de ce dernier physicien me paroissent indiquer (au 


* Dans la 1c*n* Experience, (la seule sur laquelle on pat 8 un doute,) i TON 
dit bien, a la verite, que la reflexion $'opere par la base commune des deux prismes, 


qu'il a reunis en un seul parallelipipede. Mais il me paroit que cette reunion ne 


pouvoĩt se faire, qu'en laissant entre les deux prismes une lame d'air, suffisante pour 
produire la reflexion a la surface anterieure. (Opt. I. 1. part. 1. prop. 3.) 
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moins indirectement) I'in6gale reflexibilite NEwToONIENNE, pour 
le cas que NEwToON a neglige; je veux dire, pour celui où le 
rayon se meut dans le milieu le plus rare: et il en resulte, a 
ce qu'il me semble, quelque penchant à croire, que cette reflexi- | 
bilitè est en sens inverse de autre: ce ul toit Cailleurs 
assez naturel d attendre. 


SECONDE PARTIE. 


Quel ues Rapprochemens. 


8 18. PurkalkRE Quxsriox. Les principes qu expliquent 
a la reflexion, expliquent-ils la flexion? - 

Pour parvenir a repondre a cette question, il y a deux bein- 
minaires indispensables: rappeller les principes qui ont ete 
poses pour expliquer la reflexion ; et indiquer avec precision 
les lois de la flexion. 

§. 14. Les principes admis ci- dessus sont, 1*. la force repul- 
sive agissant selon une direction perpendiculaire a la surface 
refléchissante. 2* Les rayons rouges plus repulsifs que les 
violets; ou, en general, les rayons les moins r6frangibles plus 
fortement repoussès que ceux qui sont plus refrangibles. 

SF. 15. Les lois de la flexion, tres bien déterminèes par M. 
BroUGHAM, peuvent (abstraction faite de certaines mesures 
preécises) s "ENONCET ainsi. | 


* M. 8 nomme, fort à me flexion, ce que, jusqu'à lui, la plupart 
des physiciens nommoient inflexion, (et quelques autres diffraction.) Et il distingue 
la flexion en infle ion et deflezion : la premiere approchant le rayon, et la seconde 
Peloignant, du corps flecteur. 
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ce qui concerne ce phenomene seul. Les rayons rouges demon- 


: repulsion- 


mais la diverse r6 


WEN * 
r ERS, 


1 Le rayon le plus inflexible est aussi le plus deflerible. 
| 26, Le rayon le plus refrangible est le moins flexible. Ainsi, 
2 — inflechi, et phis deflechi, que le 
b dans les mémes eirconstan ces. 

8. 56. Ei loi de ta deflexion reculte biem des principes, dans 


trent ici, comme dans la reflexion, leur plus ns force de 


F. 17. Quant à la loi Cinflexion; elle ne resulte pas des prin- 
cipes qui expliquent la reflexion. 
On pourroit dire, que les rayons les plus pale sont aussi les 
plus attractifs. Cette proposition est admise par M. Bnouchau; 

ral n des e donne u une indication 


toute contraire. 
Soit pour la deflexion, soĩt pour Finflexion, on est + lat dans 


des circonstances pareilles à celles de Vexperience de reflexion 
par un tres petit cylindre, (F. 3.) que j'ai discutee. (5. 10.) 
Les corps flecteurs sont comparables a ce petit cylindre. Ainsi 
Fangle d incidence n'est pas donné immèdiatement, et on a 
lieu de croire qu'il est &gal a Vangle de deflexion : il doit de 


meme etre 6gal a Tangle dinflexion; mais il doit arriver que 
Fobservateur ne s'appergoive pas de cette egalité. 5 
Du reste, le phenomene de linflexion est plus e 


parceque la courbe n par le rayon doit avoir deux re- 


broussemens. 

On peut entrevoir quelque explication de ses lois, qui au pre- 
mier coup d' oeil paroissent choquer des principes reconnus: 
mais je m abstiens de toute tentative pareille. 3 

F. 18. Sxcoxpk QuesTION. Les principes reconnus pour la 
reflexion, se concilient-ils avec ceux de la refraction ? 
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Oui. Des que les rayons ont traversé la sphere repulsive, ils 
entrent dans Vattractive : les rayons rouges sont, a la vérité, les 
plus repulsifs, mais rien n'empeche que les violets ne soient 
plus attractifs. On peut meme dire, que ces deux faits se lient 
naturellement, et qu'on a quelque lieu de 8'attendre que les 
rayons moins faciles à repousser, seront plus faciles à attirer. 
Or, la refraction les montre tels. Car, 19. rien de mieux prouve 
en optique theorique, que la proposition qui Etablit, que la re- 
fraction est produite par une attraction dirigee perpendiculaire- 
ment a la surface refringente. (Nxwrox, Princip. I. 1. prop. 94.) 
2%. Donc aussi, les differences de refraction, et en particulier la 
plus grande refrangibilite des rayons violets, sont produites par 
la meme cause: consequence confirmee par leur nn 
8 supérieure dans le milieu le plus dense. 
9. 19. TroistEME QuesT1ION. Les principes de la refraction 
peuvent-ils expliquer ceux de la flexion? 
Non. Ce qui reste inexplique, c'est la loi d'inflexion. Dans 
cette loi, les rayons rouges semblent plus attractifs, tandis que 
dans la refraction c'est le contraire. S'il est quelque explica- 
tion qu'on entrevoie, nous y avons renonce. (F. 17.) Ainsi, 
cette partie des phenomenes de flexion reste encore your nous 
comme isolée. 
S. 20. Les rayons de la lumiere, ne sont-ils pas re- 
« fl6chis, refractes, et inflechis, par une seule et meme force, 
qui se déploie diversement en diverses circonstances ?” * 
Telle est la question que se faisoit NEwToN, au commence- 
ment du siecle, et qui ne me paroit pas resolue vers sa fin. 


Il est vrai, qu en Enongant les consEquences de ses recherches, 
M. Broucuan conclut ainsi: © the rays of light are reflected, 
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« refracted, inflected, and deflected, by one and the same power, 
1 exerted in different circumstances. 


Cela est, sans en fort probable, mais non encore de- 


8.21. La seule . (et, sans doute, tres · impor- 
tante,) qu'a saisie M. BroUGHAM, entre ces trois classes de 


phẽnomeè nes, est celle qui resulte des rapports harmoniques 


entre les parties distinctes des spectres colores, en yor la 


refraction, la reflexion, et la flexion. 


$ 22. Le spectre par reflexion, peut-il etre calcule exacte- 
ment, dapres les principes poses ci-dessus, (F. 10.) afin de com- 


parer le rèsultat de ce calcul a celui de experience? Sa division 


harmonique est un rapport saisi entre ce phenomene et celui 
de la refraction, qui fortifie Fopinion, deja si probable, sur 
Fidentitè du principe dont ces deux Fünen de Ependent, 
Je n'ose aller au dela. | 


S. 28. Sans doute, en pesant ces considerations, on se : rap- 


* la proposition avancée par M. BROUGHAM, savoir, que 


la reflexibilite des rayons est comme leur refrangibilite in- 


« yersement.” Mais il ent bien P le sens s de cette 


assertion. 
Nxwrox a fait sortir un rayon du verre à Vair, par la face 
plane d'un prisme, sous un angle d'incidence connu; et, ayant 


observe l'angle de refraction des rayons rouges, et des violets, 


il a trouvè ces angles, et leurs sinus, comme il suit“ 
Angle commun d' incidence g1* 15' 0% sinus 50 
Angle de refraction du rouge 53 4 58 77 
Angle de refraction du violet 54 5 2 — 78 
M. BrovGnan a fait tomber un rayon sur la convexite d'une 
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fibre metallique, sous un angle d'incidence inconnu ; et, ayant 
observe la reflexion, il en a conclu les angles et sinus suivans. 


Angle d incidence commun 77 20 sinus 774 


Angle de reflexion du rouge 75 50 — 77 
Angle de reflexion du violet - 78 51 — 78 


On voit bien, en effet, que les nombres 77 et 78 expriment, 
de part et dautre, des limites, d'un cdt6 de refraction, de 
Tautre de reflexion; mais on n'en peut pas conclure la raison 
inverse des quantites qu'on mesure dans Vobservation de ces 
deux phenomenes: la disparite des circonstances de ces deux 
experiences sy oppose. M. BRouGnam fait remarquer lui- meme 
Ia difference d' incidence. Mais ce n'est pas la seule; et il 
suffit de se rappeller, que par une meme incidence la disper- 0 
sion des rayons colores varie selon la nature des milieux, pour 
detruire toute idèe de proportion reguliere, exprimèe d'une 
manieère precise et 6 sans — a la 2 des 
milieux.* 
La proposition affirmee par M. Bxouvcnan, veut donc dire 
seulement, que celui des rayons qui occupe le plus de place sur 
le spectre r6fractse, en occupe moins sur le spectre réflèchi; et 
que Fun et Yautre offre la division harmonique. Cela suffit 
bien pour indiquer quelque analogie, mais non pour fonder, 
sans aucune autre preuve, unite du principe. 
$. 24. C'est dans le meme sens qu'il faut entendre la proposi- 
tion qui 6tablit que les flexibilites sont comme les reflexibilités 
directement, et comme les refrangibilites inversement.” Et 
ill y a encore beaucoup plus de disparite dans les circonstances, 


„ Voyez entr'autres les conclusions qu: M. Rogz r BIAIIA a tire de ses expe- 
riences, aussi exactes que multipliẽes, sur ce suf et. Trans. of the R. S. of Edinburgh, 
Vol. III. p. 72. 5 2D; 

MDCCXCVIII. _ Uu 


T e * ES . 
LA ＋ 4 
IT... - hs 4 5 
— 2 \ p " wy b m_ - - 
* v * „ 3 
* 


X r 1. RR rr 
-1 - ES * 5 
+ \ - _ . I 


— a 8 e Yr GA, I BEI. 
7 Ong =o * 2 —— — bn * -n : [ 
2 c _ 


— 


" — a - 
* 3 

—— —— — : 
— Ho. Go ern Woo ors oof. ( — os 4 — ee eee OE EO i 


- 8 | 
—C——————— —— . —wÄ3 


p 4Rõ 7 
— — — . . 
—— ⏑ . WAS TAILS 


— 


— 


— — 


- — 2 en 


r k — 
— Y 8 
— , CC —⏑— , TIES —————— — D.. «¶ ¶ꝗA—n— ß 
* 
7 * x 
Y 0 
. p 


— ͤ ect eo SS AMET . TE Sr. we gy oe” 


: C - 
—— — — 
— eo ecotetottgt 


M. PxEvosr's Optical \Remarks,' 


339 


et dans les * M. Bnoucnau a soin de le faire 


remarquer. Ainsi, la division harmonique. du spectre colors 


_ fournit une analogie « encore beaucoup plus foible, en faveur de 
Tidentité d un principe commun, Runes ces trois » 


doivent etre rapportes. Nl 
Et cependant il faut convenir que e ces ; foibles * entrat- 
nent la persuasion ; et que Fesprit ne sera point satisfait, jusqu à 


ce que, par quelque nouvel effort, la flexion soit rẽunie aux phẽ- 


nomenes de reflexion. et de refraction, par Funité de principe. 
5. 25. Notre ignorance sur la nature des forces qui produisent 


ces phenomenes, en particulier sur la nature de la force repul- 


sive, et le defaut d accord qui rẽgne encore entre les pheno- 


menes de flexion et les autres, permettent- ils d avoir confiance 
a la cause physique, indiquèe des long-temps par Nxwrox, 
reprise recemment, et meme calculée, par M. Baouchau; je 
veux dire, la difference de masse des — 2 


les divers rayons ? 


F. 26. Est-on en droit d'envisager comme une a 
la théorie NEWTONIENNE des acces de facile et difficile trans- 


mission Cette théorie n'est que expression généralisée d'un 


fait bien observé. Si les transmissions et réflexions alternatives 


ne dèpendent que de Je paisseur des lames transparentes, il faut 
que les rayons, ou le milieu, soient alternativement, et en tem- 


puscules Egaux, dans des dispositions opposèes. Des experiences 


plus variees feront voir si T paisseur seule y influe: c est sous ce 


point de vue que I Abbe MAZ EAS avoit entrepris quelques expe- 


riences, qui ne donnoient encore aucun resultat, mais qu'on pou- 


voit esperer de voir suivre avec succès, (Mem. des Sav. Etr. 1755.) 


La théorie des lames minces transparentes, paroit avoir ete 


concue par NEWTON des Vage de 27 ans, et il ne Va public que 
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35 ans plus tard: car il y faisoit allusion dans ses Leons, a 
Cambridge, en 1669, et la 1** édition de son Optique est de 
Fannee 1704. (Opusc. Tom. II. p. 275.) Autant il seroit ab- 
surde de mettre en parallele avec la raison Vautorite meme la 
plus respectable, autant il est juste Texiger un examen _ 
attentif d'une opinion aussi R 

FS. 27. Je finirai par observer, que Fexplication que j's ai pro- 
pose, selon les principes NEwToNIENs, du phenomene observe 
par M. BrouGnan, dans la reflexion operee par un cylindre = 
tres petit, (F. 10.) ne nuit pas à Vemploi que ce physicien en 
fait, pour expliquer les couleurs des corps naturels. Son senti- 

ment et celui de Næxwrox, à cet 6gard, ne sont pas en contra- 


soient produites que d'une fagon ; mais, pour qu elles soient 
produites, il faut que la reflexion s opère par chaque particule 
des corps, sous toute sorte d' angles. Et je ne vois pas que M. 

| BROVUGHAM ait rèussi à operer, sous plusieurs angles varies, la 
 reflexion qu'il a obtenue par ses petits cylindres. Il semble 
qu'il ne parle, d une maniere precise, que de celle on Vai 
d' incidence &6toit d environ 77, et, par consé quent, fort grand. 


bas 


diction. Il n'est pas 867 que les couleurs des corps naturels ne 
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XII. An Account of the Oriſice in the Retina of the human Eye, 


discovered by Professor Soemmering. To which are added, 
Proofs of this Appearance being extended to the Eyes ef o _ 
_ _ . mend —_ oy. F. R. pe” m_—_ 


Read ago 19, LY 


Ines bad the e of W before this be Society, 


at different times, observations on the structure of the eye, both 
in man and in other animals, I have been naturally led to avail 
myself of every opportunity to investigate this subject. 
My attention has been recently directed to the prosecution 


of this f inquiry, by a very curious discovery of an aperture in 


the retina of the human eye, which we owe to Mr. Soku- 
MERING; an - anatomist of considerable reputation, resident at 


Mentz. His account of this discovery has been published on 
the Continent, but I do not know that any copy of the memoir 
has been brought into this country. 


It was believed by Mr. SOEMMERING, and also ky the French - 


anatomists, that this appearance is only to be met with in the 


human eye. I have, however, been so fortunate as to discover 
it in the eyes of other animals; and the object of the present 
paper is, to lay before the Society the observations I have made 


upon this subject. 


Jam indebted to my friend Sir CHARLES BLAGDEN, for the 
first intelligence of Mr. SOEMMERING's discovery. I afterwards 
received a more particular account, in a very obliging letter 
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| INE Mr. MAvuNo1R, an eminent Surgeon” at Geneva, which 
contains, I believe, the material information published by Mr. 
SOEMMERING; [ $hall therefore transcribe — — of the _ 
which is as follows. 
« The war being an e to a free communication be- 
« tween England and the Continent, you are not, perhaps, ac- 
«« quainted with a new discovery in the anatomy of the human 
eye, made by a professor of Mentz, Mr. SoEMMERING ; permit 
me, therefore, to say something on the subject. He was dis- 
« gecting, in the bottom of a vessel filled with a transparent 
* liquid, the eyes of a young man who had been drowned, and 
« was struck on seeing, near the insertion of the optic nerve on 
« the retina, a yellow round spot, and a small hole in the mid- 
« dle, through which he could see the dark choroides, (looking 
« at the surface of the retina which covers the vitreous hu- 
* mour.) He dissected other human eyes, and constantly, 
when the dissection was carefully made, found the hole of 
« the retina seemingly at the posterior end of the visual ra- 
« dius, nearly two lines on the temporal side of the optic nerve, 
and the hole surrounded by the yellow zone, of above three 


« lines im diameter. The hole of the retina is not directly seen. 


« being covered with a fold of the retina itself. An anatomist 

« of Paris dissected many eyes of quadrupeds and birds, and 

found the yellow * and hole in no animal but the human 
* kind. : 
Should you think that nature has intended this hole to 
« grow large when the eye is opposed to a strong light, and 
thereby cause a great part of the rays to fall on the choroid, 
« and vice versa, when the eye is in darkness? And the want of 
such a construction in animals, is it owing to a greater power 
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of augmenting or diminishing the pupil, than in men? lf 
« Messrs. MAzioTTE and Lt Car should come to life again, 


they would find, in that hole, the explanation of the phæno- 
* menon of the two cards, one disappearing at a certain dis- 
 <-tance from one eye, Sc. which may be explained by saying, 


"Gt; wherp, — extets the ball, * 
« roid, and 80 no vision. 
if re e ee 
the discovery, and found the spot, the ruga concealing it, and 
the yellow zone. The best way, I think, to see them, is to take 


_ « off the half posterior part of the sclerotica, then the corre- 
 « spondent part of the choroid ; both must be cut round the 


« insertion of the optic nerve. The retina is to remain bare and 


may see the round spot, which reaches the optic nerve, and a 


"AiDeldbniedion avckings dwarfs spot. Then, if 


« you press the ball a little with your finger, so as to push the 


« vitreous humour rather near the bottom of the eye, the ug 


« is unfolded, and you will see the hole perfectly round, of + of 


« a line in diameter, and its edges very thin. 


« All this can be seen on the inside of the eye, but not 50 
« perfectly; and, in that case, 7 must make your observa- 


pl tions in water.” 


Many months . after the receipt of this letter, beſore 


i could procure an eye in a proper state for observing this aper- 
ture in the retina; but, in the course of last month, several 
opportunities offered, and I saw the appearance described by 


Mr. Mavuxoix very distinctly. 
The mode I adopted for examining the retina, was that of 


removing the transparent cornea; then taking away the iris, 


trom it, apparently a little below the posterior end of the visual 
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and wounding the capsule of the crystalline lens, 80 as to 


disengage the lens, without removing that part of the capsule 
which adheres to the vitreous humour; by which means, the 


retina remained undisturbed, and could be accurately As: 
when a strong light was thrown into the eye. f 

The aperture in the retina, surrounded by a zone with a ra- 
diated appearance, was distinctly seen, on the temporal side of 
the insertion of the optic nerve, and about + of an inch distant 


radius. The aperture itself, in this view, was very small. After 
having viewed it in two different eyes, I took an opportunity of 
showing it to Sir Josxrn Banks and Sir CHaRLEs BLAGDEN, 
who both saw it with the same degree of distinctness. 
At first, I believed it necessary to have a very fresh eye for 
demonstrating this aperture, but I have since found, that it is 
more readily seen in an eye two days after death; the zone, 
which is the most conspicuous part, * of a lighter colour 
the first day, than it is upon the second. . 
I have also succeeded in preserving the pooterice part of the 
eye in spirits, without destroying the appearance of this aper- 
ture. This preparation I am unwilling to bring to a public 
meeting of the Society, since it may be liable to be injured by 
being much shaken; but I hope my having shown it to Sir 
TJoseen Banks and Sir CHARLEs BLAGDEN, will be sufficient 
evidence, both to the ; and others, that such a prepa- 
ration can be made. 
I am induced to make this remark, by recollecting that a 
celebrated anatomist of Edinburgh denied, in his last publi- 


cation, that the anterior lamina of the cornea can be Separated 


from the others, as a continuation of the tendons of the four 


0 8 . — ae 4 
— = — * 
{4 8.3 2 a 


* "4 „ "ALIVE ITED be als 4 0 * 
n * 
— — 6 - - 


- % _ I” , 
— *in a n — 
=_ * - £ — . p K. + Ar) */ — - * 
— — — 4 
po N 
= 4 


„ ea) — * * 
. f . e len „ e ere 4 
4 — SITION _ —— ” 8 7 | * PROG . * 3 / a * L 4 
PPP Py ny | * | 


a E ns, en IT os. <> 


9866 Mr. Rente Account of an Orifice 


straight muscles of the eye, for no other reason than because 
he could not succeed in the demonstration of it; the failure, 
probably, arising from the eye not being sufficiently fresh to 
admit of such a separation. Had it been mentioned in my 
former paper, that the preparation, from which the engraving 
was made, had been shown to this learned Society, or to any 
members of it, my assertion would probably have had more 
weight. 
In separating bee in the retina, I found a 
greater adhesion at this particular part; and, when the vitreous 
humour was removed, the retina was pulled forward, forming 
a small fold, in the centre of which was this aperture. This 
| doubling was sometimes produced by endeavouring to cut 
through the vitreous humour, to disenga ge the * and 
its capsule. 
I have been the 1 more particular i in FO FH the a appearance 5 
of this aperture in the retina of the human eye, that, while 1 
announce this curious discovery of Mr. SOEMMERING to this 
learned Society, I may give the most complete confirmation of 
it. To have this in my power affords me a particular pleasure, 
as it gives me an opportunity of doing justice to the merit of a 
foreign anatomist, who deserves so highly of our art; and who 
has demonstrated to his cotemporaries, that those who labour 


patiently, and follow their pursuits with ardour, may still hope to 
make discoveries, in the anatomy even of those parts of the body 
which are considered as the best understood; since the human 
eye, so long the favourite object of the most eminent anato- 
mists and philosophers, is still but imperfectly investigated. 

Aſter having made the preceding observations upon this sin- 
gular appearance in the human eye, I found, in Dr. Duxcan's 


"Sr in the Retina of tbe De. KN 
Aber these are described — the following — 
Stances are mentioned. SOEMMERING takes this appearance 
« to be a real hole. 1 thinks that it is 
« merely a transparent and thin of the retina; 
_ « MicnaELis seems to agree with bim. Rxil. and Mrexkr are 
4 rather in favour of the existence of an actual hole. 
* Michaklis saw the plait more distinctly in Weide e 
even or eight months, than in adults; and the transparent 
« portion lay concealed within it, but the yellow spot was 
wanting: nor is it to be observed in the eyes of newly-born 
children. After the first year, it becomes somewhat yellow, 
and the depth of the colour increases with the age of the 
« Subject. SOEMMERING says that this spot is pale in children, 
bright yellow in young people, and becomes again pale in 
old age. Its degree of saturation seems to be intimately con- 
nected with the state of vision: it constantly diminishes, in 
proportion as vision is obstructed. Where one eye only is 
« diseased, in it the yellow spot is wanting, and the plait is 
small and wrinkled; while, in the sound | one, they are rather 
«© more distinct than usual. ? 
„ MicnaEL1s discovered no vestige of these appattumcts in 
the eyes of dogs, swine, or calves.” 
Prafessor Reir's mode of dissecting the eye, to "Jo the 
aperture and plait, is nth: similar to that mentioned in Mr. 
Mavxomẽ's letter. 
It will appear, from the account of this orifice i in the 11 
which precedes these observations of Professor Rxll, that the 
MDSecxcviII. — 
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cumstance of the vitreous humour adhering: more firmly tothe 
edge of this/orifice, than to any other part of the retina; so that 
smallest motion of the vitreous humour, in consequence of 
dividing. it, or removing the choroid coat, produces a plait, by 
pulling forwards this portion of the retina. What is said of the 
eoloyr of the yellow oppe, and of the difference of opinion, whe- 
ther it is a hole or a transparent portior 
 congider more fully. in another part of this "TAY 
_ After having ascertained the — -egnmn in 
: be 80 what appeared the best mode of 
seeing 0 oog 
other animals. 
. which I procured for ob- 
servation; being led, from previous knowledge in comparative 
anatomy, to believe that the structure of its eye must bear a 
very close resemblance to that of the human subject. 
The eye was examined immediately after the death of the 
; anintal, and was prepared in the same way that I have already 
described the human eye to have been for this purpose; so that 
the concave surface of the retina appeared in its most natural 
state, and the vitreous humour, being entire, kept it expanded, 
and free from rugæ. On the first view, nothing was to be seen 
but one dark surface, surrounding the entrance of the optic 
nerve. Two hours after death, the retina: became sufficiently 
opaque to be distinguished, and, immediately after, the orifice 
was visible, appearing to be an extremely small circular aper- 
ture; without any margin; but, in half an hour more, the zone 
had ſormed, which, when very accurately examined in a bright 


- Retina N > 


| 1. n 
pressed in the annexed plate. (See Tab. XVII. fig. g.) Its situa+ 


N thg optic. nerve, was me in 


portancn, ainen it. proved the opanture.in the zeting G Ada. part 
of the structure of the eye, generally, and not a peculiarity in 
the human eye, I requested Sir Josgru Baxxs, Sir CyarLes 


 BLAGDEN, and Dr. BaILLIE, to examine it: to all of them it 
appeared very distinct. After having shown it to those gen- 
tlemen, and having an accurate drawing made of it, I preserved 
rture in the 
retina can stil „ but the radiated 23 


that portion of the eye in spirits; where the 


is lost. 


retina was examined in different lights, under a variety of cir- 


cumstances, and by magnifying glasses of different powers, 


but still no aperture could be discovered. I was, however, 


very much struck, while looking at the optic nerve, to see 
something in the vitreous humour, (in consequence of a per- 
Son accidentally shaking the — that had not ** before 


observed. 


This proved to be abe li inked i in its 


coats a lymphatic vessel, rising from the retina, close to the 


optic nerve, on the temporal side of its insertion, and coming 


directly forwards into the vitreous humour, in which it was 
lost, after being distinctly seen for +;ths of an inch of its course. 
Xx 2 


In the eye of a bullock, nee 
looked in vain for a similar appearance: if it existed, and 

| bore any proportion to the size of the eye-ball, as it ap- 
pears to do in the human eye and that of the monkey, BW 
must have been very visible. The concave surface of the 


ts appearance is acournely delineated inthe annexed plate 
(Fig: 4) as 
This tube i is not 30 dictinetly seen in the eye imn | 
upon the animal's death, as some hours after; and — 
more obvious in some eyes than in others. As the coats of the 
tube must be nearly the same in all eyes, this difference pro- 
bably arises from its NOTE i 
gree of transparency. = 
When the eye has been kept 24 hours after the animal's | 
death, there is an appearance of a zone of a circular form, a 
shade darker than the rest of the eye, in which the optic nerve 
is included: when this zone, which is nearly ths of an inch | 
in diameter, is attentively examined, the tube I have described 
is exactly in the centre of it. The tube seems to be confined | 
by the vitreous humour, (while that humour is entire, ) and 
only to'move along with the central part of it; and, in some 
instances, when the vitreous humour is divided, the tube falls 
down. Its attachment at the retina appears stronger than its 
lateral connection with the vitreous humour; for, when I coagu- 
lated the vitreous humour in spirits, and separated it from the 
retina, I found the tube was left with the verry but upon be- 
Ing touched was easily torn. 4 
In the sheep's eye there is a similar tube, | in nn! the same 
situation, respecting the optic nerve, but much shorter, and 
much less easily detected. It does not appear to be more than 
2th of an inch in length, before it is lost in the vitreous hu- 
mour. After having seen the tube distinctly in two different eyes, 
and having had a drawing made of it, I looked for it in several 
others, without finding it: but, examining an eye from which 
the * lens ** not been removed, only an aperture 
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ciliary processes along with the iris, the tube was distinctly 
seen. The weight of the lens probably pulled forward the vi- 
— and _ r veg 


. 2 poolch hi nbbt/ Us him 


it; which may readily ne if 5 be not made with 
considerable attention. 


These a e four i in . are ufficient to prove, 


that this orifice is not peculiar to the retina of the human eye; 
and that its situation in man and in the monkey is the same: in 
them, it is placed at some distance from the optic nerve; but, 
in some other animals, its situation is close to that nerve, and 


it puts on the appearance of a tube, instead of an orifice. _ 
There is one circumstance which is curious, and which it 


will require further information upon this subject to explain; 


the yellow zone, found in the human eye and that of the mon- 


| mined. 


Having stated the facts, and also the opinions of other ana- 
tomists, that have come to my knowledge, as well as my own 


observations, upon this orifice in the retina of the human eye, 


several new facts respecting it in other animals, I shall draw 
some general conclusions from the whole, with a view to show 
that the conjectures which have been made, respecting its use, 
are probably erroneous. I shall afterwards point out several 


able, other anatomists from being disappointed in not findirig 


In the FO” there is no appearance of a a zone  nurcundin 


key, is not met with in any other animal which I have exa- _ 


discovered by Mr. SOEMMERING, and having added to these, 


- - 
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reasons for considering it as the orifice of a lymphatic vessel 
intended to carry orgy vitiated 4 * che vitreous — 
and crystalline lens 
In the hide aide as no examination ak 
some considerable time after death, it is impossible to.ascertain 
what is thie real state of this orifice in the living eye, and what 
chänges take place in it aſter death; we only learn, that the 
inge of yellow surrounding the orifice is very slight, when the 
3 is examined . and that a next FINE: it 2 
These . appear to bh eee e up, by thee exa- 
nation that was made of the monkey's eye, as it was begun be- 
fore the parts had lost the appearance belonging to them as living 
parts. In that state, the retina was transparent, and no orifice 
would be seen; so tliat the oriſice is rendered visible, by remain- 
g transparent, while the surrounding retina becomes opaque. 
This appears to decide the dispute between Messrs. SOEMMERING 
and Buzzi; for, if this part does not undergo the change pe- 
culiar to the retina, we must consider the retina as wanting 
there. After the orifice is thus rendered visible, the yellow tinge 
is wantin g, and does not take place for several hours, and even 
then is fainter than it becomes afterwards ; which appears to be 
sufficient evidence, that this tinge is the effect of some change 
after death, and cannot, therefore, have any effect upon vision. 
The orifice has been supposed to account for a small object 
becoming invisible, when placed at a certain distance from the 
eye, and brought opposite a particular part of the retina. This, 
however, cannot be the case, as its situation in the retina does 


not correspond with the part opposed to the object, when ren- 
dered invisible. 


— —— 
in vision, as the trunks of the blood-vessels which ramify 
upon the retina cover a larger space than this orifice, for a 
considerable extent, without obstructing the sight of any part 
of the object. 

While my observations were confined to the human eye, I 
was led to consider this orifice as a lymphatic vessel, passing 
| from the vitreous humour through the retina, but could bring 

no absolute proof of its being so. This opinion was strength- 
ened by finding, that in the monkey, the orifice was only ren- 
dered visible when the retina became opaque ; and it has since 
beep corroborated; yt 6 Hee tube. being: mat: Wk. tn. th 
eyes of sheep and bullocks. 

That a change must be constantly taking place i in x the crys- 
talline and vitreous humours, to preserve to them the necessary 

degree of transparency, can hardly be doubted; and that the 

absorbent vessels which perſorm that office should have one 
common trunk, which follows the course of the artery and vein, 
perſectly agrees with what takes place in other parts of the body. 
In the human eye, and that of the monkey, the artery is in 
the centre of the optic nerve; but that would have been too cir= 

cuitous a course for the lymphatic vessel to follow, and, by go- 
ing through the retina, at some distance from the nerve, it can 

pass out of the orbit with the blogd-vessels that go through the 
foramen lacerum orbitale inferius. In the bullock and sheep, 
there is a plexus of vessels surrounding the optic nerve, and the 
tube dips down, close by the optic nerye, 4 to accom 
pany them. 

From the observations made bs MichaklLis, of the 8 
spot not being visible in fœtuses, or in infants under a year old, 
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ori eyes chat ate blind, also of its being brighter in young 
people, and paler in old, it would appear, that it is only when 
the eye e ee n num 
stain communicated to the retina. | 2 


D 118/EXFLANATION or THE PLATE: (Tab. XVII.) 


- 


BY F wings from which the figures are an were 


” 


rad Hem preparations of the eye lying in waterzWitha strong 
lght'shi mg upon the preparation. In making the! drawings, 
1 the principal object was, procuring a distinct view of the parts 
surrounding the optic nerve; when this could de obtained, the 
situation of the eye itself was not attended to. 1195 bras 
Fig. 1. A transverse section of the human eye, made 
beſore the ciliary processes. The retina is viewed . the 
pooterir portion of the capoule of the erhebe len. ee 
a. The termination of the optic nerve. . 21535 
* The aperture n e discovered "Mt Profescor 
| SOEMMERING.— | OR. 
Fig. 2. A longitudinal S6tion of the left eye in the FER 
agen to show the relative situation of the aperture in the re- 
tina to the entrance of the optic nerve, and the mode n 
it neee to project, when the vitreous humour i is ä 
4. 2 nn ee, e e 
| - is, 3 A ransverse section of the eye of. a 4 arge monkey, 
to show the aperture in the retina: its situation ig dhe same as 
. in the human Ye. The zone _ the 2 of a 4 dead with 
four = | 4 * b Cr 
. The entrance of the optic nerve. HE? 105 
r 1+ eee 
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Fig. 4. A transverse section of the eye of a bullock, to show 
that there is a semi-transparent tube projecting from the edge 
of the entrance of the optic nerve, into the. vitreous humour. 
This tube is Surrounded by a zone, with a distinet margin: it 
is situated on the temporal side of the optic nerve. 

Fig. 5. A transverse section of the eye of a sheep, to show 
that there is a similar tube as in the bullock, in the same situa- 
tion, but much shorter, and without the surrounding zone. 
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XIII. A Description of a very unusual Formation of the buman 
Heart. By Mr. James Wilson, Surgeon. Communicated by 
now m M. 10 F. R. S. 


Read May 3, 1798. 


Taz heart is an organ of so much importance in the animal 
 ceconomy, and is so immediately concerned in the support of 
life, that any unusual deviation from its natural form and situa- 
tion in the human body, has always been considered as a subject 
of some interest by the physiologist; such deviations have, 
therefore, not unfrequently been submitted to the consideration 
of this and other learned Societies. Many circumstances re- 
specting the circulation of the blood, and respiration, wholly 
unknown to our ancestors, have lately been ascertained; but 
we are not as yet arrived at a perfect knowledge of these im- 
portant actions. Difficulties yet remain; more information may 
still be acquired; and the reasoning upon these subjects will 
be less liable to fallacy, in proportion to the number of facts 
which have been observed, and the accuracy of the observa- 
tions. These are the reasons which have induced me to lay 
before this Society, a description of a monstrosity in the human 
heart, very singular in its nature, and which, I believe, has 
not hitherto been observed or described. I have consulted the 
works of those authors who were the most likely to have 


\ 
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recorded such cases, but I have not been able to meet with a 
description of any which have been at all similar. 

It is well known to most of the Members of this. Society, 
that the circulation of the blood throughout the body, and ex- 


posure of it to the atmospheric air in respiration, seem, in most 
animals, to be necessarily connected; but are not equally so in 


all. They are so much connected in the human subject, and in 
most quadrupeds, that after birth there is a double heart; viz 


one for the circulation of the blood throughout the body, to be 


subservient to the various purposes of life and growth; the 


other for its circulation through the lungs, where it undergoes 


a change which is essential to its general circulation through 
the body: these two circulations, in the natural state, bear an 


exact proportion to each other. Instances, however, have oc- 


curred, even in the human subject, where this exact proportion 


has not been preserved; yet life has been prolonged for some 
years, but in a feeble and imperfect state. In some of these 
instances, the pulmonary artery has been smaller than usual, 
so that much less than the natural quantity of blood was ex- 
posed to the influence of the air in the lungs; in others, the 
foramen ovale has not been closed, but a considerable commu- 
nication has remained between the two auricles; and, in others, 


there has been a communication between the two ventricles, 


from a deficiency in the septum. The effect of all these devia- 


tions is the same, upon the blood in the general circulation, vix. 


that a part of the blood is not exposed to the air in the lungs; 
$0 that it is less pure as it circulates over the body. A more 


remarkable deviation in the structure of the heart, than any to 


which I have just alluded, has been lately published by Dr. 


BAILLIE, in his Morbid Anatomy. In this heart, the aorta 
— 1572 
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arose from the right ventricle, and the pulmonary artery from 
the left; the reverse of what ought, in the regular course of cir- 
culation, to have taken place; (the veins were as usual;) and no 
communication was found between the one vessel and the other, 


except through the remains of the ductus arteriosus, which was 
not larger than a crow quill, and a small part of the foramen 
ovale, which still continued open; yet this child lived for two 
months. In the following case of monstrous formation of the 
heart, there is this very great singularity, that nature seems 
to have substituted, very exactly, the circulation which takes 
| place i in some amphibious animals, for that which is natural to 
the human species. 
The infant had arrived at its full time, and lived seven Lag : 
after its birth. Instead of the usual integuments, muscles, &c. 
a membranous bag appeared to protrude on the upper and 
fore part of the abdomen, extending from the last bone of the 
sternum some way below the middle of the belly, and out- 
wards, so as to be nearly circular: the navel-string seemed to 
enter this membrane near its middle, and to wind superficially, 
for some little way, towards the left side; it then dipped into 
the abdomen, at the place where this membrane joined the 
usual coverings. Within this bag, the appearance of which 
was very nearly similar to that of the chorion and amnios 
which envelop the foetus at birth, but thicker in consistence, 
a tumour was perceived, possessing considerable motion, from 
the nature of which, no doubt was entertained that it was the 
During the short period of the child's life, it was seen and 
examined by a number of professional men. Upon its death, 
the tumour was carefully opened by Mr. MoRELL, in the pre- 
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sence of Dr. PotGNan D; when the heart, as was previously 

suspected, appeared to be situated in the epigastric region of 

the abdomen, and to be imbedded, as it were, in a cavity 

formed on the superior surface of the liver. In this state, the 
child was sent to Dr. BAILLIE, by whose desire I injected the 
heart, and laid its principal vessels bare, so as to bring their 
uncommon distribution and course into view: a preparation of 
them still remains in Dr. BAILLIE's possession. 

A considerable part of the tendinous portion of the dia- 
phragm appeared to be wanting, as likewise the lower part of 
the pericardium, which is usually affixed to it. The thorax 
being laid open on each side of the sternum, the two pleuræ 
were seen passing from that bone to the spine, and covering 

the lungs, as usual. The lungs appeared perfectly natural in 
colour, and nearly so in shape; but were larger and fuller than 
usual, in consequence of more room being afforded for them in 
the thorax, from the peculiar situation of the heart. In the i 
Space corresponding to the anterior mediastinum, was the thy- — __ 
mus gland, considerably longer than in other children, and = 
extending downwards the whole length of the sternum; be- 5 
| hind this, was a peculiar arrangement of blood-vessels. 

The heart, instead of consisting of four cavities, as in the 
natural structure, consisted of a single auricle and ventricle, 
which were each of them large in their size. A large arterial 
trunk arose from the ventricle, and ascended into the thorax, 
between the pleurz, immediately behind the thymus gland: it 
Soon divided into two large branches, one of which continued 
to ascend, forming the aorta ; the other passed backwards, and 
proved, upon examination, to be the pulmonary artery. 

The aorta, having reached the common place of its curva- 
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ture, formed it in the same manner as it usually does; sent 
off the vessels belonging to the head and upper extremities; 


descended before the vertebræ, and passed into the abdomen 
between the crura of the diaphragm. From the place where it 


began to form the arch, it was in no respect different from the 


aorta of any other infant, except that no bronchial artery was 
sent to the lungs, from it or any of its ramifications. 
The vessel which proved to be the pulmonary artery, almost 


: immediately divided into two branches ; one going to the lungs 
of the left, the other to the lungs of the right side. Upon mea- 


suring accurately the circumference of the aorta, where it se- 
parated from the original trunk, it was found to be exactly one 
inch and a quarter. Upon measuring the circumference of the 


pulmonary artery, in the same manner, it was found to be 
fifteen sixteenths of an inch; 80 that it was five sixteenths of 
an inch less than the aorta. 


— 


The vena cava inferior, having been partly surrounded by 


the substance of the liver, entered the lower and back part of 
the auricle. The subclavian vein of the right side crossed over 
to the left of the mediastinum, where it joined the left subcla- 


vian, and formed the vena cava superior. This passed down on 


the left of the ascending, and before the descending, part of 


the aorta; it was then joined by a trunk formed by two large 
veins, which came out of the lungs, and which were situated 
immediately behind the pulmonary arteries : the union of this 


trunk with the vena cava superior was continued into a large 


vessel, which gradually expanded itself into the auricle. The 


vena azygos ascended on the left side; received some branches 


which passed under the aorta from the right, and then entered 
the upper and back part of the vena cava superior: there were 
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nor veins, it would appear that the pulmonary arteries and 
veins, in addition to their usual offices, performed those of the 
bronchial vessels. 

The liver was not divided on its upper surface by the sus- 


- pensory ligament, but had a considerable cavity scooped, as it 
were, out of its substance; which, in shape, was adapted to, 


was examined, but was not found to be dissimilar to any other. 


which, much attention was paid to render them very accurate. 


change is supposed to be effected by the combination of a cer- 
tain quantity of oxygen gas with it. In passing from the ar- 


blood conveyed to, and circulating in, the pulmonary artery, is 
of a dark colour; and the whole of it, when returned by the 
pulmonary veins, is florid. 

It is obvious, in the case which I have described, that there 
always must have been florid and dark-coloured blood mixed, 
and circulating in the arteries. It would seem also, upon the 
first reflection, that the quantity of dark-coloured blood would 
be the greatest, in the same proportion as the capacity of the 


no bronchial veins. From there bei ng neither bronchial arteries | 


and contained, the heart: it was also, in some other particulars, 
rather different from its natural shape, but not sufficiently so 
to require being minutely described. The rest of the infant 


These circumstances are expressed by the accompanying fi- 
gures of the parts when dissected; (Tab. XVIII.) in taking of 


It is a well ascertained fact, that the blood receives a florid 
hue from the influence of the air on it in the lungs; and this 


teries to the veins, in every part of the body except the lungs, 
it loses the florid hue, and becomes darker : the florid blood is 
that which is employed for the purposes of supporting life. In 
the natural circulation, it is well known, that the whole of the 
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aorta was larger than that of the pulmonary artery. It is there- 
fore necessary to recollect, that a considerable proportion of the 
blood carried to the lungs was already florid or oxygenated; 
and also, that the lungs in this infant were larger in propor- 
tion, than in children of the same age: a smaller quantity of 
blood, therefore, was to be oxygenated, and a larger surface 
than usual was appropriated for this purpose. It appears also, 
from experiments, (such as making a person breathe air in 
| Which there is a greater proportion of oxygen gas than in our 
atmosphere,) that the blood can combine with more of it than 
it does in natural respiration ; it therefore is not an improbable 

supposition, that a larger quantity was combined here. A 
small drawback must be allowed, for the quantity of oxyge- 

nated blood used in the support and secretions of the lungs, 
and which is usually conveyed to them by the bronchial artery; 
but this quantity is too small to require more than this slight 
observation of it. The blood also which passed to the lungs, 
must have been again conveyed to the heart sooner, from the 
shortness of its circuit; and must have entered the heart with 
a quicker or stronger current, than that blood which passed to, 
and was returned from, the more remote parts of the body; 
as, in this child, the pulmonary artery and aorta were filled by 
the contraction of the same ventricle. In the hearts of other 
children, some time after birth, the muscular fibres of the ri ight 
side are much fewer in number than in the left. 

If these circumstances are admitted as fact, viz. that the 
blood circulating through the lungs of this child was combined 
with a larger proportion of oxygen gas, and was returned in 
a quicker and stronger current into the auricle than that re- 
turned by the venæ cavæ, it seems reasonable to infer, that this 
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blood, mixing and blending with the dark or unoxygenated 


blood, would render the whole nearly as much oxygenated as 


it usually is found in the left side of the heart, and in the aorta; 
therefore, that the blood circulating in the arteries of this child 


would be fully equal to the support of life. Previous to birth, 
this peculiarity of structure could not affect its health or growth, 


as the placenta then answers the purpose which the lungs do 


afterwards; and the single ventricle seemed as equal, from its 
size, to propel the blood on to the placenta, as both ventricles 
in the natural state are, by means of their com munication 


through the ductus arteriosus.* 


The inference which has been drawn seems further con- 


firmed, from the colour and heat of this child, durin, g life, being 


not perceptibly different from those of other children. In all 
those cases of malformation of the heart where the foramen 


ovale, or the ductus arteriosus, has continued open; or where 
the septum of the ventricles has been perforated, and the pul- 
monary artery small, (and at the same time two ventricles, ) it 
has been observed, that the body had a livid colour, and, in ge- 
neral, that there was a deficiency of heat. 


From the particular inquiries which I made, concerning 
the heat and colour of this child, of the professional gentlemen 


who saw it during life, and of the nurse who attended and 


® It is here not unworthy of remark, that the circulation in this child, after its 


birth, was in several circumstances similar to the circulation in other children previous 


to that period. A child, before birth, may be said to have a single heart; as both the 
auricles communicate together, by means of the foramen ovale; and the pulmonary 
artery communicates with the aorta, by means of the ductus arteriosus. Hence, in the 
fœtal heart, the blood returned from the body, which is of a dark colour, and the blood 
returned from the placenta, which is florid, are poured into the same auricle; the blood 
which is sent to the placenta is therefore already in part oxygenated. 
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dressed it, 1 found that the heat, so far as could be judged by 
the feeling, (for it was not tried by the thermometer,) was in 
no respect different from that of other children; and that the 
colour of the skin was perfectly natural, except that, on the 
day on which it was born, and a short period before its death, 
the lips occasionally had something of a livid appearance; but 
that this did not last any time, as they were generally pale. 
This occasional lividness would happen to a child in that state, 
Should the heart and circulation be in no * different from 
what they naturally are. 
I could meet with no other * circumstances, either 
in the history of the mother during pregnancy, or in the child 
after birth. It cried occasionally, like other children, but seemed 
weak, and in pain; it slept; it sucked heartily, even a few 
hours before its death, and had ap EP healthy evacuations 
of urine and feces. 
Its death can be satisfactorily accounted for, from be 
cause than the extraordinary formation of its heart and blood- 
vessels. The membranous covering, on the fore part of the ab- 
domen, did not appear to possess sufficient vascularity to retain 
its life after birth; for it immediately lost its living principle, 
and became putrid and mouldy in parts. Previous to the child's 
death, a process of separation had begun, between it and the 
living parts to which it was connected, and a line of inflam- 
mation was distinctly seen. Had this process been completed, 
and the slough thrown off, the heart would have been exposed; 
but, before this, the heart itself had inflamed; which was proved 
from its being found covered with a coat of coagulable lymph 


recently thrown out, and from this inflammation its death 
must have arisen, 
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Had the heart been covered with the usual parietes of the 
abdomen, it is probable, notwithstanding its situation, that this 
child might have lived in a tolerable state of health for years; 
but must constantly have been exposed to have its heart injured 


dy some external accident, from its not being defended by the 


ribs and the sternum. 


The formation and disposition of the heart and 1 in 
this child, resemble much those which are found in the frog, 
and some other amphibious animals; but this infant could not, 
like them, be amphibious. Those animals are extremely tena- 


cious of life, so that they live some time, even after their heart 


and lungs are removed from their bodies; and, as their circu- 


lation can go on without respiration, it is therefore not won- 
derful that they often live a considerable time without change 
of air. Life, in the human species, depends equally on both 


these actions; for death takes place, if either of them should 


stop. The circulation of the blood in this infant would have 
met with no impediment, had it been immersed in water; but, 


unless respiration went on, which in that state it could not do, 
the blood could undergo no change in the lungs; and this 


change is equally essential to the . of life, as the circu- 


lation of the blood. 


EXPLANATION OF THE FIGURES. (Tab. XVIII. * 


Fig. 1. represents the heart, blood- vessels, liver, Sc. as they 


appeared when dissected; part of the ribs, the sternum, th nn. 
gland, lungs, Sc. having been removed. 
AA. The heart, consisting of one auricle and one ventricle. 
B. A large arterial trunk, arising from the ventricle. 
C. The aorta, arising from this trunk. 
2 2 2 
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D. The pulmonary ry artery, arising from the same trunk. 
E. The vena cava superior, descending on the leſt side. 
F. F. The — EEE ne 
the vena cava superior. Un! eat 
= ü — hlhs* «; 

H. The diaphragm, adhering laterally made of the | 
cheek but er 

II. The liver. 


EK. The cavity on the upper muſs of the her n which 
the heart was in part situated ft: * aro 
L. The membranous covering turned Jo' 
M. The umbilical vein. _ - 3 
Fig. 2. represents the heart. ebe ey 
wing eee eee eee 
man e e e 
B. The ventricle. Fa YT avithiuy 5 af 
C. The trunk from which the aorta and pulmonary artery 


arose. 


D. A large wail 2 the 85 ani receiving the 
blood from the pulmonary veins and vena cava CPE 
E. The trunk formed by the pulmonary veins. 
F. The vena cava superior. 
G. The vena azygos. 
H. The right Subclavian vein. 
I. The left ditto, 
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XIV. Account of a Singular Instance of atmospberical Refraction. 


the Rev. Henry Whitfeld, D. D. F. R. S. and A. S. 
Nd May 10, 1798. 
DEAR SIR, MN : |  Hastings, Auguat I, 1757. 


Ox Wednesday 1 J uly 26, about five o clock in the after- 
noon, whilst I was sitting in my dining-room at this place, 


T which is Situated upon the Parade, close to the sea Shore, nearly 
fronting the South, my attention was excited by a great number 
of people running down to the sea side. Upon inquiring the 


reason, I was informed that the coast of France was plainly to 


be distinguished with the naked eye. I immediately went 


| down to the shore, and was surprised to find that, even without 


the assistance of a telescope, I could very plainly see the cliffs 
on the opposite coast; which, at the nearest part, are between 
forty and fifty miles distant, and are not to be discerned, from 
that low situation, by the aid of the best glasses. They ap- 


peared to be only a few miles off, and seemed to extend for 


some leagues along the coast. I pursued my walk along the 
shore to the eastward, close to the water's edge, conversing 


with the sailors and fishermen upon the subject. They, at first, 


could not be persuaded of the reality of the appearunce; but 


they soon became so thoroughly convinced, by the cliffs gra- 


dually appearing more elevated, and approaching nearer, as it 


In a Letter from William Latham, Esg. F. R. S. and A. S. to 
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were, that they pointed out, and named to me, the different 
places they had been accustomed to visit; such as, the Bay, 
the Old Head or Man, the Windmill, &c. at Boulogne; St. 
| Vallery, and other places on the coast of Picardy; which they 
_ afterwards. confirmed, when they viewed them through their 
telescopes. Their observations were, that the places appeared 
as near as if they v were sailing, at a small distance, into the 
harbours. 
Having indulged my curiosity upon the shore for near an 
hour, during which the cliffs appeared to be at some times 
more bright and near, at others more faint and at a greater 
distance, but never out of sight, I went upon the eastern cliff 
or hill, which is of a very considerable height, when a most 
beautiful scene presented itself to my view; for I could at once 
see Dengeness, Dover cliffs, and the French coast, all along 
from Calais, Boulogne, Cc. to St. Vallery; and, as some of the 
fishermen affirmed, as far to the westward even as Dieppe. 
By the telescope, the French fishing-boats were plainly to be 
seen at anchor; and the different colours of the land upon the 
heights, together with the buildings, were perfectly discernible. 
This curious phenomenon continued in the highest splendour 
till past eight o'clock, (although a black cloud totally ob- 
cured the face of the sun for some nn when it gradually 
vanished. 1 
Now, Sir, as 1 was assured, from every inquiry 1 could pos- 
sibly make, that so remarkable an instance of atmospherical 
refraction had never been witnessed by the oldest inhabitant 
of Hastings, nor by any of the numerous visitors, (it happen- 
ing to be the day of the great annual fair, called Rock- fair, 
which always attracts multitudes from the neighbouring places, 


ing to you. 
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I thought an account of it, however trifling, would be gratify- 


| I hould observe, the day was extremely hot, as you will per- 
ceive by the subjoined rou gh journal of a small thermometer, 
which was kept in the dining-room above mentioned. I had no 
| barometer with me, but suppose the mercury must have been 
high, as that and the three preceding days were remarkably 
fine and clear. To the best of my recollection, it was high 
water at Hastings about two o clock P. M. Not a breath of 
wind was stirring the whole of the day; but the small pennons 
at the mast- heads of the fishing- boats in the harbour, were, in 
the morning, at all points of the compass. 


1 am, &c. 


WILLIAM LATHAM. 


P. S. I forgot to mention that I was, a few days afterwards, 
at Winchelsea, and at several places along the coast; where 
I was informed, the above phænomenon had been equally visi- 
ble. I should also have observed, that when I was upon the 
eastern hill, the cape of land called Dengeness, which extends 
nearly two miles into the sea, and is about sixteen miles distant 
from Hastings, in a right line, appeared as if quite close to it; 
as did the fishing-boats, and other vessels, which were sailing 
between the two places: they were likewise * to a 


great * 


Fine. 


Fine. 
Rain. 


Fine. 
Fine. 
Fine. 
Fine. 
Fine. 
Fine. 


— 
Fine. 


Fine. 
Fine. 


Rain. 
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State of the Thermometer at Hastings, during the Month of July, 1797. 
2 Time. wad. |. „„ | 
10 K. M Windy. Fair. 
10 Windy. Fair. 
ho Rain. Windy. 
10 Fair. Windy. 
1 0 Rain. | Windy. 
ho Rain. Windy. 
10 Rain. Windy. 
| Fine. 
Fine. 


Windy. 
Windy. 
Windy. 


Dead calm all day. 


— CC OE "Egy 


4 
1 
] 
: 


Storm of wind. Lightning, 
Wine | 
Fine. Showers in the night. 
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XV. Account of a Tumour found in the Substance of the human 
Placenta. By John Clarke, 'M. D. Communicated by the 
Right Hon. Sir — Banks, Bart. K. B. P. R. 


Read May 17, 1798. | 


5 W ursr the structure and uses of any part of the animal body ; 
remain unknown, every new fact or occurrence ought to be ll | 
recorded; since, by this means only a more perfect knowledge Ty 1 
of it can be expected to be obtained. . 1 
As there are few subjects more interesting than those which %%% ͤ ĩà x | 
concern the functions of animals, and more especially those 1 
processes by which they are originally formed, and afterwards 7 
sustained, I beg leave to submit the following Paper to the at- 
tention of the Royal Society, Supposing it not to be foreign to 
the general views of the institution. 
Ihe exertions of the most patient industry have been hither- 
do baffled, in the attempt to detect the first changes which suc- 
ceed that process by which animals are propagated. 

If the object of immediate pursuit has not been obtained, 
much light, in the course of the investigation, has been col- 
laterally thrown upon the growth and nutrition of animals, both 
in the egg state of oviparous animals, and in the uterine state 
of such as are viviparous. 

The structure of the egg of oviparous animals serves to eluci- 
date the corresponding process in the viviparous; and, although 
in many cases analogies are very inconclusive, yet in this the 
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resemblance is so close, that the latter may be said to be de- 
monstrated by the former. 

A certain temperature, nourishment, and the application of 
vital dir, (or oxygen, ) seem to be essential to the evolution of 
the young of oviparous animals. 

As the young are expelled from the mother, contained in the 
cavity of the egg, at a very early period of their existence, and 


as afterwards they have no connection whatsoever with her, 


these are supplied by various contrivances; and the mode of 
application has been very distinctly explained, by 1 modern in- 
quirers into the structure of eggs. 
Since then the same substances are to be Nabend and sup- 
ported, in viviparous as in oviparous animals, the conclusion is 
reasonable, that similar means should be employed to attain 
similar ends. / 5 
It is easy to conceive how warmth may be imparted to a 
- foetus situated in the uterus. 
The materials for nourisbment, it receives from the placenta; 
but the precise manner in which they are supplied has not yet 
been discovered. Of the fact there can be no doubt, because 
there are many cases on record, in which there could be no 
other possible way by which support could be had.“ 
With respect to vital air, (or oxygen, ) the young of all vivi- 
parous animals, whilst in the uterus, live in the same medium 
as fishes, and have a structure similar to gills, for the exposure ä 
of their blood to it: this structure is the placenta. 
The heart of the fœtus is adapted to this mode of life, and 
in effect consists but of one auricle and one wn as it is 
»A case of this kind I described some time ago, which 1 is published in the Philoso- 
Phical Transactions for the year 1793. | 


found to do in fishes. The junction between the two ventricles 
is attended with a great advantage, in performing the circula- 
tion through the placenta; where the length and convolution 
of the umbilical vessels, in some animals, offer a great resistance 
to the force of the heart, and render more exertion necessary. 
In the superior aorta, the circulation is carried on by the left 
ventricle alone; as the ductus arteriosus does not join the aorta, 
till after the latter has given off the carotid and subclavian 
branches. 
Vital air is communicated to the blood of the embryo, 2 as it 
is to the blood of fishes. This, in its passage through the 


gills, is exposed to water, which is allowed by all to contain; 
large proportion of vital or oxygen gas, and returns thence 


fitted to answer the purposes of life. 


In like manner, the blood of the mother, in the alle of the 
placenta, having received the essential part of this gas from her 


lungs, is applied to the capillary vessels of. the umbilical arte- 
ries, which receive and transmit it to the embryo; : the life of 
which so entirely depends upon this communication, that an 
obstruction to the circulation through the placenta, for the space 
of two or three minutes, will sometimes irrecoverably destroy it. 


The gills of fishes form a permanent part of their bodies; 


5 because they are designed to pass the whole of their lives in 


the same medium. This is not the case in the embryo of vivi- 


parous animals; which, after birth, is to change its situation 

for another, in which there is a direct exposure of the blood to 

atmospheric air. For this reason, the placenta, whose use is 

only temporary, is attached to the fœtus by a slender connection, 
which is soon dissolved after birth. 

I have thought it necessary to introduce the foregoing obser- 
3A 2 
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. rr 0 — — * Sw 0 _ FI — 
E EY 22S. 2m * — wo of * 2 — RN * 8 , e * r 2 1 3 
* ite 4 * ? DN n = 
rr . e AB moon owe to Meer — _ 
8 - « of © | » HA a = 
— - aa” wo 0 w 
g — , 4 — a "0 — + ” l SO AP 49, Aber. nas 


363 


that of its mother. No other action is carried on by the ves- 
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vations upon the structure and functions of the placenta, in 
order to shew that the principal use of it is to transmit, and 
apply respectively to each other, the blood of the foetus, and 


sels of the fetal portion of the placenta, as far as is yet known, 


than what has been described, unless so much as may be ne- 
cessary for their own growth and nourighment. 


The tumour which gave occasion to this Paper i is, however, 


an instance to prove, that these vessels are capable, like those 
in other parts, of forming solid organized matter; and that very 
considerable deviations from the ordinary structure of the pla- 


centa may exist, and be periectly compatible with the life and 


health of the fœtus. 


Previously to the birth of a healthy child, an amazing quan- 


tity of liquor amnii was evacuated, which was by accident re- 
ceived in a vessel, and, being afterwards measured, was found 
to amount to two gallons, Winchester measure. 


When the placenta came away, a hard solid body v was found 


in its substance. It was preserved by Mr. MainwakinG, under 
whose care the case occurred, and was by him obligingly * 
sented to me. 


Fine injection was thrown into the arteries and vein of the 


funis umbilicalis: when they were filled, they appeared to be 
enlarged thrice beyond their natural size. 


The placenta, thus prepared, was subjected to examination. 
Its anterior surface was found to be covered with the amnion, 
behind which lay the chorion, as usual. Some branches, both 


of the arteries and veins, coming from the funis, ramified in the 


common manner, forming the foetal portion of the placenta. 


Others, of a very large size, not less than a swan's quill, were 


found in the human Placenta. 365 


sent to the tumour ; which was situated behind the chorion, 
and lay imbedded in the foetal portion of the placenta. The 
general form of this tumour was oval, about four inches and | 
a half long, and three inches broad. The thickness of it was 
about three inches. It weighed upwards of seven ounces. 
Its shape resembled that of a human kidney; one edge being 
nearly uniformly convex, whilst the other, where the vessels 
_ approached it, was a little hollowed. 
Ihe general character of the surface of the tumour was con- 
vexity; but in some parts of it there were slight indentations, 
more particularly in the course of the large vessels. 7 
The whole of the tumour was inclosed in a firm capsule, in 
the substance of which the large vessels were contained, nearly 
in the same manner as they are ſound in the dura mater. In 
the interstices of the vessels, the capsule did not appear to be 
vascular; at least there were no vessels capable of carrying the 
injected matter. 
The blood-vessels, branching off from the funis to supply the 
tumour, partly went over one side, and partly over the other 
side of the tumour; ramifying as they ran, till, meeting at the 
convex edge of the tumour, they anastomosed very freely. 
From the large trunks on the surface, small branches were 
given off, penetrating into the substance, and supplying the 
whole tumour with blood. 
Upon making a section through the tumour, in the direction of 
its length, the consistence was found to be uniform, firm, and 
fleshy, very much resembling, in this respect, the kidney. The 
cut surface, upon examination, had somewhat of a mottled ap- 
pearance; some parts being highly vascular, whilst others were 
white and uninjected. 


* — 
r 


— ͤ— 8 


- * . - = 
q * 2 8 — 44 Sj pA —— — — — = - 
F FS a5 AS ———_— ky 6 SI — K 20 1 — 4 — 2 LETT SOS »Þ 
| . p = al 
. ante i n ——ͤ ned — 
8 E o P 


366 . Dr. Cranky 5 Account of a Tumour 


. = gt * 
— : Oo 
* - a 
- 


+ x <4 g 
— N * 


voy. . 1 N 


— — . 


V. 
© 
2 
LET 
_ = 
1 
4 
l 
_ 
a 
17 
. 
3 
26 
3 
" 
* 
di 
+ 
IP 
i 
- 
I 
7 
* dey 
$ q 
„ 
4 
48) 
* 
14 
bi. 
7 * 
12 
1 
. 
* 
o * * 
7 * 
+5 
1 6 
Jap 
1 55 
1 
4 k 
* 
of Y, 
- 
{ 
* 
4 
* 


Y g — — En b 4 
2 1 7 
n 33 - 
— 
* = N _ 
<> 4 wtlegp» 1 oh + \ 
Is — — — - p „%“ . V — 9 — = - " 
— - . * * T 


If the mere existence of such a tumour is not to be considered 
as a disease, there was no appearance of any morbid tendency 


in any part of it. The whole structure seemed to consist of 


a regularly organized matter throughout, supplied with vessels 
exclusively belonging to itself, and not passing to it from the 
surrounding parts, as is generally the case in diseased masses. 

They who are inclined to consider every new appearance in 
the structure of parts as disease, may be disposed to include 


this under that appellation. 


But disease consists of such an alteration i in the structure, 


or functions, of a part, as occasions the natural operations of 
it to be imperfectly performed, or entirely arrested. This tu- 
mour appears to have produced no such effect: all the com- 
mon and known functions of the placenta were performed, 
notwithstanding the existence of this substance: the child 


had been as well nourished, and the benefits arising from the 
application of vital air or oxygen, to its blood, Just as well sup- 
plied, as if the tumour had not existed. 

It cannot be said of this, as it might of some tumours, that it 


would in time have shewn marks of a morbid tendency, so as 
to have deranged the common actions of the placenta; because, 
vhen gestation terminates, the life, and all the uses of the pla- 


centa, are at an end. 
I am disposed, therefore, to consider this fleshy substance, 
as a solitary instance of a formative property in the vessels of 


the placenta; which they have not been hitherto generally ; 


known to possess.“ 


* The placenta Sometimes becomes converted into a mass of hydatids, connected to 
each other by small filaments ; but this must be considered as a disease, inasmuch as 
the natural structure is destroyed, and it directly interferes with the offices of the pla- 
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There was a remarkable circumstance attendin g this case, 
which ought not to be lost Sight of, viz. the extraordinary quan- 
tity of liquor amnii, which had been contained in the ovum. 
What connection there was between this and the tumour, can- 
not be absolutely explained from a single instance, as there did 
not seem to be any direct communication between the tumour 
and the cavity of the amnion. The whole of it lay, as has been 
before related, behind the chorion; so that, between it and the 
cavity of the ovum, there were two membranes interposed. In 
its organization, it had all the appearance of a glandular part, 
and was extremely vascular; but, upon a very attentive exa- 
mination of it, no duct could be found hading from it into the 
cavity of the ovum. | 
Vet, although it may appear difficult to prove, that the quan- 
tity of liquor amnii depended upon this substance, still, as it 
SO considerably exceeded that which is found in common, or 
has ever been described. it is reasonably to be believed that it 
did so. 

The manner, however, by which the secreted fluid was con- 
veyed from the tumour into the general cavity of the ovum, 
must still remain unaccounted for. 


centa, which no longer performs perfectly the functions for which it was designed. 
Nourishment and vital air are no longer supplied property to the fœtus, which there- 
fore commonly dies. 


Dr. Clarke's Account, &. 


EXPLANATION OF THE PLATES, 


(Tab. XIX.) 4 
4 view of the fatal surface of the placenta, with the eee, 
and vein injected. 


a. The funis umbilicalis; the vein is exhibited to chow its 
* size. 


b bb. The shaggy vessels of the chorion, coming the foetal 
Portion of the placenta. - 
c. The 2 or Rs in which thot tumour (vide Tab. XX. ) 
hay. 


(Tab. * 0 
An external view of thy tumour, ocntzinet — 
in the substance of the placenta, as seen in Tab. XI Xx. 
4. A branch of the umbilical artery entering the tumour. 
b. The vein returning the blood from ths tumour to the um- 
 bilical vein, 


c. A square portion of the RON which contained the tu- 
mour, turned down to shew the internal structure. 1 


di. The substance of the tumour, seen | through the opening 
left by TO off ihe capsule. 
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XVI. On the Roots of Equations. By James Wood, B. D. Fellow 
of St. Jobn's College, Cambridge. Communicated by the Rev. 
Nevil Maskelyne, D. D. F. R. S. and Astronomer Royal. 


Read ] fay 17, 1798. 


Taz great improvements in algebra, which modern writers 
have made, are chiefly to be ascribed to Vieta's discovery, that 
_« every equation may have as many roots as it has dimensions.“ 
This principle was at first considered as extending only to po- 
sitive roots; and even when it was found that the number might, 
in some cases, be made up by negative values of the unknown 
quantity, these were rejected as useless. It could not, however, 
long escape the penetration of the early writers on this subject, 
that in many equations, neither positive nor negative values 
could be discovered, which, when substituted for the unknown 
quantity, would cause the whole to vanish, or answer the con- 
dition of the question. In such cases, the roots were said to 
be impossible, without much attention to their nature, or inquiry 

whether they admit of any algebraical representation or not. 
As far as the actual solution of equations was carried, viz. in 
cubics and biquadratics, the imaginary roots were found to be 


of this form, a + // —F*; and subsequent writers, from this 
imperfect induction, concluded in general, that every equation 
has as many roots, of the form a = M as it has dimen- 

sions. In the present state of the science, this proposition is 
uyccxcviiI. 0 3B 
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of considerable importance, and its truth ought to be established 
on surer grounds. The various transformations of equations, 
the dimensions to which they rise in their reduction, and the 
circumstances which attend their actual solution, are most 
easily explained, and most clearly understood, by the help of 
this principle. Mr. EULER appears to have been the first wri- 
ter who undertook to give a general proof of the proposition; 
but, whatever may be thought of his reasoning in other re- 
spects, as he carries it no further than to an equation of four 
dimensions, and it does not appear capable of being easily ap- 
plied in other cases, it gives us no insight into the subject. Dr. 
WarinG's observations upon the proposition are extremely 
concise; “ and, to common readers, it will still be a matter of 
doubt, whether a quantity of any Wb e whatever will, when 
substituted for æ in the expression 2 20 + * —U + wW, 
cause the whole to vanish. 
In the investigation of the avant] here offered, it became ne- 
cessary to attend to the method of finding the common measure 
of two algebraical expressions; and to observe particularly, in 
what manner new values of the indeterminate quantities are 
introduced; and how they may again be rejected. It ap- 
' pears, that these values are necessary in the division; and, 
when they have been thus introduced, they enter every term 
of the second remainder, from which they may be discarded. 
This circumstance enables us, not only to determine the na- 
ture of the roots of every equation, but also affords us a direct 


and easy method of reducing any number of equations to one, 


and obtaining the final equation in its lowest terms. 


* Meditationes Alg. p. 272. 
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PROP, I. 


To find a common measure of the quantities az" + be“. 
+ c + d- c. and A * B + 0 
+ D244 Sc. 

In order to avoid fractions, multiply every term of the Avi- 


dend by A*, the square of the coefficient of the first term of 


the divisor, and the operation will be as follows : 


A Tos "F deut b A*an—1 + c A®an—2 + d A*an—3+ &c. (TA 


aA T4 BAT +aCAm—s aD AN Sc. 


7 (bA*—aBA) AT + e A LAC A- +(dA*aDA \an=3+&c. 
| 0A*—aBA 5 + ( 5BA —aB*) zn—2 + ( — * 


(P) * | (cA*—bBA+aB*—aCA) ans + 
(al- A - De Ge. 


Let (cA— bB) A+ (B*—CA) a = 
(dA— bC)A+ (BC - DA) a 
(e A- b D) A+ (BD — — EA) a = Sc. | 
and the first remainder (P) is . + Þ 23 + _—_— . &c. 
proceed with this as a new divisor, and the next remainder ( 
will be (ETD. « + © —ay. A) me . . 
« + By —aT. A) 4 Sc. 
Respecting this operation we may observe: 
1. That were not every term of the first dividend multi plied 
by A, that quantity would be introduced by reducing the 
terms of the remainder (P) to a common denominator. 
2. When P = o, Az + Br C- + &c. is a di- Sree *1 
visor of A (az” + ba cr + Sc.); and therefore it is 
a divisor of a + br + c2*—* + Sc. unless it be a divisor 
8366 | 
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of A*, which is impossible; consequently no alteration i is, in 
this case, made in the conclusion, by. the introduction of A. 

g. When P does not vanish, then every divisor of P is a 
divisor of Ar + BY þ+ C + Sc. and of A* (a 
+ ba— + cr + Sc.); and therefore of az" + ba 
+ e r + Sc. unless A = 0, in which case the remainder, 
P, becomes a B (BT AC + Sc.), every divisor of which 
is a divisor of B.. ＋ Ce + Sc. whether it be a divisor 

of ar” + be- + c2** + &c. or not. That is, there are two 
values of the indeterminate quantity A, which, if retained, will 
produce erroneous conclusions. — 
4. A' enters every term of the second remainder (Q), and 
the two values, before introduced, may therefore be again rejected. 


The coefficient of the first term of this remainder i is C BB. 


« +F—=ay. A; and, by substituting for a, 3 and y, their va- 
lues, and retaining only those terms in which A is not found, 
and those in which it is only of one dimension, we have 
| | Ca=—bBCA+aCcBy 
OY : *. 
— 26 = = + bBBCA—aCB* 
. SHS 
Ca— Bo = a CAFaBDaA 
SEE. a B* C*A + a* B* DA 
* —ay.A= 4 BCA — 4 'B DA; 
therefore, those parts of Ca- BS. * + 5 — . A, in which A 


is of one dimension, and in which it is not found, vanish. 


In the same manner it appears, that A enters every other 
term of the remainder 2 


| Roots of Equations. - 
5. If the remainder Q =o, then, by the second observation, 
the introduction of a in the division, produces no error in the 
conclusion; and, if Q do not vanish, a will be found in every 
term of the third remainder, and may there be rejected; and 
so on. Thus we obtain the conclusion, without any unneces- 
sary values of A, B, C, Sc. or a, b, c, &c. 
6. If the highest indices of æ, in the original quantities, be 
equal, it will only be necessary to multiply the terms of the 


dividend by A, which may be rejected after the second division. 
If the difference of the highest indices of x be m, the terms of 


the dividend must be multiplied by Ar, the first quotient be- 


ing carried to m +1 terms. This quantity, A., will enter 
vey factor in each term of the second remainder. 
7. If it be necessary to continue the division, let 


Ca BS. e —ay .A=mA 

1 a Tas. A= =n A 

Ex — BF. a þ EI — as. =þ A* 
Sc. 


and the third remainder is (ym — n. m n- mp. a) 4 


T= N m a) ( = 


16 ＋ Ec. every term of which is divisible by a. The law 
of continuation is manifest. 


PROP. 11. 
Two roots of an equation of 2m dimensions may be found 


| by the solution of an equation of m. 2 — 1 dimensions. 

Let & ＋ pr + gan + 7. Sc. =0; and, if 
possible, let v and 2 be so assumed that v -þ 2, and —v+2, 
may be two roots of this equation; then, 


SOT &*: des zm 1 ben = — 4 apt + Sc. 


ann S + 2mz e 2m. ==, 2 . 2m. n e &c, 
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. . | he OS... yr nc PP ECT Se. 
4 e | = 4 | 1 22 ＋ Ge. 
and consequently, N 


F.Y 2M . =. | — 2 


+ Im] 2 | 


+ 7 


and also, 
2m2z Fr. x} - on + &c. 4 v=0 


+2m—1. P 
4 — . * 4 


+2mM—3. 18 ns | 
+ Sc. = I 


+ 2m—1. = 5 


Assume yy = — v*; and let the coefficients of the terms of the for- 


mer equation be 1, b, c, d, &c. and of the latter, A, B, CD 
c. and the equations become 


* + by— T + dy*-+ c. = 
2 + By*—* + C7 ＋ 1 
These equations have a common measure of the form y Z, 
where Z is expressed in terms of z and known quantities; and 
this common measure may be found, by dividing, as in Prop. 1. 
till y is exterminated, and making the last remainder equal to 


nothing. 


Now, the first remainder is R 5B. A+ N- CA) yd. 
+ (AA C .A+BC—DA) y*=3+(eA—bD. A+ BD - EA) 


57 ＋ &c.; or, by substitution, « 5 , Ge, et c. 
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and, in a, 2 rises to 6 dimensions; in , to 8 dimensions; and, 
in 5, to 10 dimensions, Sc. 

The second remainder is (Ca - BG. a+ f—ay. A)) 
＋ (Ds — By. a + by — ad. A) y*-+ + &c.; or, by substitu- 
tion, m A + n A*y*—++ &c. and, dividing by A*, the di- 
mens1ons of z in m, are 15; in u, 17, &c. Let x, a, g, , r, &c. 
be the dimensions of 2 in the first term of the 18t, 2d, 3d, 4, 
zth, &c. remainders; then 


the increment of the m — 1 term of this series is 4M + 1, and 


therefore the m — 1 term itself is m. m — 1 + m, orm. 2m —1. 
Now, in the m — 1 remainder, y does not appear, and, in that re- 


mainder, 2 rises tom. 2M — 1 dimensions; if then, this remainder | 
be made equal to nothing, and a value of-z determined, the last 
divisor, y = 2. where Z is some function of z, is known; and 
this is a common measure of the two equations 74 55: 
++ cyn— + Sc. o, and Ay*—+ B 3 Cy*=3+ Sc. o; 
consequently, y==Z=0; and y==Z; hence = Y, or 
v, = ; therefore, by the Solution of an equation of 


m. 2m — 1 dimensions, two roots, x == As of the original 
equation, are discovered. 
Cor. 1. Since two roots of the propoged equation are 2 + v, 
and 2 — v, 4 — 22 + 2 2 o is a quadratic factor of 
that equation. 
Cor. 2. In the same manner that the two equations 
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DTSA Sc. = o, and A,B y—r+ Com 

Sc. =o, are reduced to one, may any two equations be re- 
duced to one, and one of the unknown quantities exterminated; 

also, the conclusion will be obtained in the lowest terms. 


Pror. 111. 


Every equation has as many roots, of the form a = 1 F 
as it has dimensions. 


Case 1. Every equation of an odd number of dimensions 

has, at least, one possible root; and it may, therefore, be de- 

pressed to an equation of an even number of dimensions. 
Case 2. If the equation be of 2m dimensions, and m be 


an odd number, then m. 2m — 1 is an odd number, and con- 
sequently z and v (see Prop. 11.) have possible values; there- 
fore the proposed equation has a quadratic factor, 4. — 22 
＋ 2 eo, whose coefficients are possible; that is, it has 


two roots of the specified form; and it may be reduced two 
dimensions lower. 


Case g. If m be evenly odd, or = an pn number, then Fu | 


equation for determining z, has 4 two possible roots, or 
two of the form a = b N i, (Case 2. ); and v will be of the 
form cd — 1; hence, one value of the quadratic factor 


222 T2 o, will be of this form, 2 — 24 T 2b 1. 2 
＋ AB 2 CD VII = o; and another of this form, 

1 — 24 — 26 —1. 2 4 Al CDH sd; consequently, 
2.— 44 + (2AB A 4 ＋ 4b) 2 — (4a AB ＋ 4bCD) x AB 
+ C*D*= o, will be a factor of the proposed equation; and 
this biquadratic may be resolved into two quadratics, whose 


| Roots of Equations 3n 


cy are possible, and whose roots are therefore of the 
form specified in the proposition. 
In the same manner the proposition may be proved, when 


S983 &c. is an odd number; and thus it appears that it 


2? 3” "0 

is true in all equations. 

Cor. 1. If v', or y, be positive, the roots of the 3 
factor z*— 227 + 2*— v*= 0, and therefore two roots of the 

proposed equation are possible. If y = o, two roots are equal; 
and if y be negative, two roots are impossible. 


Cor. 2. If a possible value of z be determined, and substi- 


tuted in b, c, d, Sc. the original equation will have as many 
pairs of possible roots as there are changes of signs in the equa- 
tion * ＋ by + cy*—* + Sc. =0; and as many pairs of 
impossible roots as there are continuations of the same sign. 


* See Dr 0 Warn G's Med. Alg. i 
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xyn. General Theorems, chiefl y ' Poriems, in the higher Geo- 


metry. By Henry Brougham, Fun. ow Communicated * 
Sir Charles 8 Kut. F. R. S. 81 . 
2 


a Read ” 24 ings. | 


* 


Taz following = are a few propositions that have ond to 
me, in the course of a considerable degree of attention which 1 


have happened to bestow upon that Interesting, though diffi- 


cult branch of speculative mathematics, the higher geometry. 
They a: are all i in some degree con nected; the greater part refer 


to the conic hy perbola, as related to a variety of other curves. 
Almost the whole are of that kind called porisms, whose nature 


and origin is now well known; and, if that mathematician to 


whom we owe the first distinct and popular account of this 


formerly mysterious, but most interesting subject,“ should 


chance to peruse these pages, he will find in them additional g 


5 proofs of the accuracy which characterizes his inquiry into the 
” discovery of this singularly beautiful species of proposition. 


Though each of the truths which I have here enunciated is 


of a very general and extensive nature, yet they are all disco- 
vered by the application of certain principles or properties still 


more general; and are thus only cases of propositions still more 
extensive. Into a detail of these, I cannot at present enter: 


they compose a system of general methods, by which the dis- 


covery of propositions is effected with certainty and ease; and 
* See Mr, PLayyain's Paper, in Vol. III. of the Edinburgh Trans. 
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they are, very probably, in the doctrine of curve lines, what the | 
| ancients appear to have prized so much in plain geometry; al- 
though, unfortunately, all that remains to us of that treasure, is 
the knowledge of its high value. Neither have I added the de- 
monstrations, which are all. purely geometrical, granting the 
methods of tangents and quadratures: I have given an example, 
in the abridged synthesis, of what I consider as one: of the most 
intricate. It is unnecessary to apologize any farther for the 


conciseness of this tract. Let it be remembered, that were 


each 1 followed 1 analysis and composition, and 
rr pun; the 
whole would form a large volume, in the style of the ancient 
geometers; containing the investigation of a series of con- 
eee e ee all arising 
from varying the combinations of certain data enumerated in 
a general enunciation.* 
= Ce ets ac ts 
as I know; hitherto quite unknown, I am persuaded this Paper, 
with all its defects, may not be unacceptable to those who feel 
pleasure in contemplating the varied and beautiful relations 
between abstract quantities, the wonderful and extensive ana- 
logies which OE OT PT WIE GCE 
— is er wow. 


' PROP. I. PORISM. (Tad. XXI. fig. 1. i 


A conic hyperbola being given, a point may be found, such, 7 
hat every straight line drawn from it to the curve, shall cut, in 


see the celebrated account of ancient geometrical vorks, in the eleventh book of 
Pareus ALEXANDRINUS. 
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a given- ratio, that part ofa straight line passing through a 
given point which is intercepted between a point in the curve 
not given, but which may be ſound, and the ordinate to the 
point where the first mentioned line meets the curve. == 
Let X be the point to be found, NA the line passing through 
thin gen point; 40, and Many point whatever in the curve; 
join XM, and I CR MP; then AC is to CP in a 
0 ratio. Fi Tos 
- Corollary. Meena ects a very pls and accurate 
method of describing a conic hyperbola, and then finding its 
centre, asymptotes, and axes; or, any of these being n 
dae e eee 


5  ., PROP. 11.  PORISM.. fe I OEM 
A conic „aden being given, a denn may On found, such, 
that if from it there be drawn straight lines to all the intersec- 
tions of the given curve, with an infinite number of parabolas, 
or hyperbolas, of any given order whatever, lying between 
_ straight lines, of which one passes through a given point, and 
the other may be found, the straight lines so drawn, from the 
point found, shall be tangents to the parabolas, or hyperbolas. 
This is in fact two propositions; there being a construction 

for the case of parabolas, and 3 for that of hyperbolas. 


PROP. II.  PORISM. 


II, through any point whatever of a given ellipse, a straight 5 

line be drawn parallel to the conjugate axis, and cutting the 
ellipse in another point; and if at the first point a perpendi- 
cular be drawn to the parallel, a point may be found, such, that 
if from it there be drawn straight lines, to the innumerable 


40 
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intersections of the ellipse with all the parabolas of orders not 


given, but which may be found, lying between the lines drawn 
at right angles to each other, the lines so drawn from the point 
found, shall be normals to the E at their intersections 
a Ar e Fig 2 


nee det | PROP. Iv. PORISM. 3 
A conic „ hypurdols being given, if through any point a r 


a straight line be drawn parallel to the transverse axis, (and 


cutting the opposite hyperbolas, ) a point may be found, such, 
that if from it there be drawn straight lines, to the innumerable 


intersections of the given curve with all the hyperbolas = 


orders to be found, lying between straight lines which may be 
found, the straight lines 80 drawn Shall be normals to the hy- 


mn at the points of section. 


CScscbolium. The two last propositions give an instance of the 
many curious and elegant analogies between the hyperbola and 
ellipse; failing, however, when by equating the axes we change | 


the ellipse into a circle. 


' PROP. v. LOCAL THEOREM. rig 2. 


1, foinin a given point A, a straight line DE moves parallel 
to itself, and another CS, from a given point C, moves along 


with it round C; and a point I moves along AB, from H, the 


middle point of AB, with a velocity equal to half the velocity 
of DE; then, if AP be always taken a third proportional to 


AS and BC, and through P, with asymptotes D'E' and AB, a 
conic hyperbola be described; also, focus I and axis AB, a 
"conic parabola be described, the radius vector from C to M, the 
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intersection of the mn —_— shall describe 
„ rope 


' PROP, vi. THEOREM. 


A common logarithmic being given, and a point without it, 
a parabola, hyperbola, and ellipse, may be described, which shall 
intersect the logarithmic and each other in the same points; 
the parabola shall cut the logarithmic orthogonally ; and, if 
straight lines be drawn from the given point to the common 
intersections of the four. curves, these lines hall. be normals to 


1 


PROP. VII.  PORISM. 5 


TW Wan in a circle being given, (but not in one diameter,) 

: 3 circle may be described, such, that if from any point 

| thereof to the given points straight lines be drawn, and a line 
3 the given circle, the tangent shall be a mean pro- 

portional between the lines so inflected. ” 
Or, more generally, the square of the tangent shall have a 

given ratio to the rectan gle under the inflected lines. 


' PROP. VIII. PORISM. Fig. 3. 


Two straight lines AB, AP, (not parallel,) being given in 
position, a conic parabola MN may be found, such, that if, from 
any point thereof M, a perpendicular MP be drawn to the one 
of the given lines nearest the curve, and this perpendicular be 
produced till it meets the other line in B, and if from B a line 


be drawn to a given point C, MP shall have to PB —— 
with CB, a given ratio. 


ee ee 
Scbalium. This is a case of a most general enunciation, which 
r 


PROP. Ix. PORISM. Fig. 4 


"2 conic hyperbola being given, a point may be found, from 
which if straight lines be drawn to the intersections of the 


given curve with innumerable parabolas (or hyperbolas) of any 
given order whatever, lying between perpendiculars which meet 


in a given point, the lines so drawn shall cut, in a given ratio, 
all the areas of the parabolas (or hyperbolas) contained by the 
peripheries and co-ordinates to points thereof, found by the in- 


numerable intersections of another conic 1 which may 


be found. 


This comprehends, evidently, two propositions; one for the 8 
case of parabolas, the other for that of hyperbolas. In the for- 


mer it is thus expressed with a figure. 


Let EM be the given hyperbola; BA, AC, PEE FAN 5 
meeting in a given point A: a point X may be found, such, 
that if XM be drawn to any intersection M of EM with 
any parabola AMN, of any given order whatever, and lying 


between AB and AC, XM shall cut, in a given ratio, the area 


AMNp, contained by Au N and AP, PN, co-ordinates to the 
c ionic hyperbola FN, which is to be found; thus, the area ARM 


Shall be to the a area | RMNP | in a given ratio. 


PROP. x. PORISM. 


A conic Ws being given, a point may be found, auch, 


that if from it there be drawn straight lines, to the innumerable 


intersections of the given curve with all the straight lines drawn 
through a given point in one of the given asymptotes, the 


— x e 
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rst mentioned lines shall cut, in a given ratio, the areas of all 
the triangles whose bases and altitudes are the co-ordinates to 
a second conic hyperbola, which may be found, at the points 
where it cuts the lines drawn | from the . 82 . 5 


1 rg > #7 | PROP. xl. _ PORINN. | 3 (314 | 
"A aun pert being given, a — may har fin, 3 
work, that if another move along it in a given angle, and pass 
through the intersections of the curve with all the parabolas, 
(or hyperbolas,) of any given order whatever, lying between 
straight lines to be found, the moving line shall cut, in a given 
ratio, the areas of the curves described, contained by the peri- 
pheries and co-ordinates to another conic hyperbola, that may 

be found, at the FRY, where this TI _” curves described. 


PROP. .. PORISM. 


A A conic hyperbola being given, a straight line may be found, 5 
along which if another move in a given angle, and pass through 
any point whatever of the hyperbola, and if this point of sec- 
tion be joined with another that may be found, the moving line 
shall cut, in a given ratio, the triangles whose bases and alti- 
tudes are the co-ordinates to a conic hyperbola, which may be 
found, at the points where it meets * lines drawn from the 
point found. | 
| Scbolium. I proceed to give one or two examples, wherein areas 
are cut in a given ratio, not by . lines, but by curves. 


PROP, XIII. PORISM. Fig. 5. 


A conic hyperbola being given, if through any of its innu- 
merable intersections with all the parabolas of any order, lying 
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between Straight lines, whereof one is an asymptote, and the 
other may be found, an hyperbola of any order be described, 
(except the conic,) from a given origin in the given asymptote 
perpendicular to the axis of the parabolas, the hyperbola thus 
described shall cut, in a given ratio, an area (of the 1 
which may be always found. 

If from G (as origin) in AB, one of LM's asymptotes, there 
be described an hyperbola IC”, of any order whatever, except 
the first, and passing through M, a point where LM cuts any 
of the parabolas AM, of any order whatever, drawn from A. 
a a point to be found, and lying between AB and AC, an area 
ACD may be always found, (that is, for every case of AM and 
IC,) which shall be constantly cut by IC”, in the given ratio of 
M:N; that is, the area AMN : NMDC::M:N 

I omit the analysis, which leads to the following construc- 
tion and composition. : 


Construction. Let m m + n be the order of the parabolas, 2 477 7 5 
chat of the hyperbolas. Find ę a fourth proportional to m + n, n, 
q—pandm+2n; divide GB in A, so that AR: AG: :q: 


pe; then find 7 a fourth proportional to M + N, o+þ, and 


' q —þ, and y a fourth proportional to q, AG, and q—p; and, 
lastly, 0 a fourth proportional to the parameter of LM, ⁊ and 


M. If, with a parameter equal to r x N of ihorect- 


angle 7. AN, and between the asymptotes AB, AC, a conic 3 
hyperbola be described, it shall cut the parabola in a point, the 
co-ordinates to which contain an area that shall be cut by IC. 


in the ratio of M: N. 
Demonstration. Because AG is divided | in R, 80 that AR: AG 


® i. e. The constant rectangle or space to which AP. $Mi is equal. 
MDCCXCVIII. = 
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1:9: þ +06, and that ah m:: -p: m2 n, AR is 
| p+ DIE ; an 6, because LM is a conic hyperbola, the 


n 2 


rectangle MS. RS, or MS. AP, or AP. NP F AR is equal to 
the parameter, (or constant s pace,) therefore, this parameter 


e » HIP oþ 3; Mos 
2+ =2D K 2 


m + 24 


. % 0 
= 4 p 
* 


Ban, the space ACD i is equal to == . of the rectangle 
AC. CD, gince ADi is a parabola of the * m +n; but (by 


construction) AC .CD is equal to 2e of g — — . r. AN; 


therefore, ACD = 0 f, . 7. AN, of which 0 : parameter 
of LM: 2: M, and : M+N::0+þ: q—#; therefore, 


77 


O P IMxM+N_ TERGIEP 2 at allen ov as. mM 
Sas — (= N +8) also, 7: q:: A0 


* r. IM x MTN 3 
2 you 7 3 consequently, ACD = = = Par. N =. 7 multiplied by 


222 ＋ 70 and diminished by - —.— „2 


r — * 
Par. LM x IU N ey; _ 
18388 transposin 8 „Az! 2 2 +6) 
equal to ACD + EF x AN «128; and Par. LM will be 
* [acd + LEN AN x LY 3 X — . 
equal to — N x" 3 EE * that is, 
+8535 ( N 
WN > * ACD+q.AN x AG 
1 l 


m + 2 
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Now, it was before demonstrated, that the e of LM 


is equal to AP x MP 7. AG Y 
A+ == 7 DIED} | This is | therefore 


m + 24 


- 
X q — T=Fx AD +q. N ; 
equal to — Fo ae ; mutiphing both' ivy 
| e 
lane 


m 21 


17 TEF*ACD +4. ANLAG 


M4 N 


—AP x (MP x ( (p+ —. . — 7) + 4.46) 1 * 


m + 2n 


From these equals take q- AG x AN, and there remains 


WN f Ach equal to AP x PM x Se +8) 


+9: AG x AP — AN; or, dividing by q - —þ3 WN * ACD 
=AP x +2 — 1 —— xPM + £5 x AG x AP—AN. Now, 


m + 2n 


m 5 
2 x AP x PM equal tothe area APM: therefore, the area 


APM together with Zz x AP. PM, and * AG x AP—AN, 
or APM with = x AP. PM — * AG x AN N. 
or APM + - ar. — ——— 
5 xACD. Now, IC'is an hyperbola of the order p+q; therefore, its 


area is bs rect. GH. MH. But 9 is greater than p; therefore, 


77 


5 725 - IS negative, and 2 s — is the area MH KC; and the 


area NTKC' i is equal to - 5 x GT hich e MNTH is 


equal to (MHK C TKC), or to = GH. MH— GT. TN. 


From these equals take the common rectangle AT, and there 
3D 2 


r « —_— 
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remains the area MPN, equal to E x AP x MP— «PT; 
which was —_ mee to be, together with APM, 
equal to — . ACD. Wherefore MPN, together with APM, 


that is, the area AMN is equal to NR ACD; consequently, 
AMN : ACD::M:M + N; and (dividendo) AMN : NMDC 


: M: N. An area has therefore been found, which the hy- 


perbola IC! always cuts in a given ratio. 


Wherefore, a conic hyperbola being given, Sc. 2 E. D. 
- Scholium. This proposition points out, in a very striking | 


manner, the connection between all parabolas and hyperbolas, 


and their common connection with the conic hyperbola. The 


demonstration which I have given is much abridged; and, to 


avoid circumlocution, algebraic symbols, and even ideas, have 
been introduced : but, by attending to the several steps, any 


one will easily perceive that it may be translated into geome- 
trical language, and conducted upon purely geometrical vo 
ciples, if any numbers be substituted for m, u, p, and q; 
if these letters be made representatives of lines, and if concise- . 
ness be less rigidly studied. 


PROP. XIV. THEOREM. 
A common logarithmic being given, if from a given point, 
as origin, a parabola (or hyperbola) of any order whatever be 


described, cutting, in a given ratio, a given area of the loga= 


rithmic, the point where this curve meets the logarithmic is 
always situated in a conic hyperbola, which may be found. 
Scholium. This proposition is, properly speaking, neither a 


porism, a theorem, nor a problem. It is not a theorem, be- 


cause something is left to be found, or, as Paus expresses 
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i, there is a deficiency in the hypothesis: neither is it a 


porism ; for the theorem, from which the deficiency distin- 
guishes it, is not local. | 


PROP. XV. PORISM. Fig. 6. 


A conic hyperbola being given, two points may be A - 
from which if straight lines be inflected, to the innumerable = 


intersections of the given curve with parabolas or hyperbolas, 
of any given order whatever, described between given straight 
lines, and if co-ordinates be drawn to the intersections of these 


curves with another conic hyperbola, which may be found, the 
lines inflected shall always cut off areas that have to one 


another a given ratio, from the areas contained by the co- 
_ ordinates. 


Let X and Y be the points found; HD the given W 


FE the one to be found; ADC one of the curves lying between 
AB and AG, intersecting HD and FE: join XD, YD; then 


| the area AYD: ;XDCB in a given ratio. 


PROP. XVI. PORISM. Fig. 7- 


II, between two straight lines making a right angle, an infi- 


mite number of parabolas, of any order whatever, be described, 
a a conic parabola may be drawn, such, that if tangents be drawn 


to it at its intersections with the given curves, these tangents 


shall always cut, in a given ratio, the areas contained by the 


given curves, the curve found, and the axis of the given curves. 


Let AMN be one of the given parabolas; DMO the parabola 
found, and TM its tangent at M: ATM shall have to TMR 


a given ratio. 
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PROP. XVII. PORISM. 


A parabola of any order being given, two Hide Hine may 
be found, between which if innumerable hyperbolas of any 
order be described, the areas cut off by the hyperbolas and the 
given parabola at their intersections, shall be divided, in a given 
ratio, by the tangents to the given curve at the intersections; 
and, conversely, if the r be Ae a 89 5 be 
found, "Ve. Ec. 


PROP. XVIN. PORISM. 


A parabola of any order (m + n) being given, another of 
an order (m + 2 n) may be found, such, that the rectangle 
under its ordinate and a given line, shall have always a given 
ratio to the area (of the given curve) whose abscissa bears to 
. that of the curve found a given ratio. 
Example. Let m=1, n=1, and let the given ratios be those 
L of equality; the proposition is this; a conic parabola being 
given, a semicubic one may be found, such, that the rectangle 
under its ordinate and a given line, shall be always equal to 
the area of the given conic parabola, at equal abscissxe. 
Scbolium. A similar general proposition may be enunciated 
and exemplified, with respect to hyperbolas; and, as these are 
only cases of a proposition applying to all curves whatsoever, * 
shall take this opportunity of introducing a very simple, and, I 
think, perfectly conclusive demonstration, of the 28th lemma, 
Principia, Book 1. « that no oval can be Squared.“ It is well known, 
that the demonstration which Sir Isaac NEwrTon gives of this 
lemma, is not a little intricate; and, whether from this diffi- 
culty, or from some real imperfection, or from a very natural 
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wish not to believe that the most celebrated desideratum in 
geometry must for ever remain a desideratum, certain it is, that 
many have been inclined to call in question the conclusiveness 
of that proof. 

Let AMC be any curve whatever, (fig. 8.) and D a given 
line; take in ab a part ap, having to AP a given ratio, and 
erect a perpendicular p m, such, that the rectangle pm. D Shall 
have to the area APM a given ratio; it is evident that m will 
describe a curve amc, which can hoes _ the axis, unless in a. 


Now, because pm is proportional 6 35 or to APM, pm will 


always increase, ad infinitum, if AMC is infinite; but, if AMC 
Stops or returns into itself, that is, if it is an oval, pm isa 
maximum at b, the point of ab corresponding to B in AB; con- 
sequently, the curve amc stops sbort, and is irrational. There- 
fore pm, its ordinate, has not a finite relation to ap, its abscissa; 
But ap has a given ratio to AP; therefore pm has not a finite 
relation to AP, and APM has a given ratio to pm; therefore 
it has not a finite relation to AP, that is, APM cannot be 
found in finite terms of AP, or is incommensurate with AP; 
wherefore, the curve AMB cannot be squared. Now, AM is 
any oval; wherefore no oval can be squared. By an argument 
of precisely the same kind, it may proved, that the rectification, 
also, of every oval is impossible. Wherefore, Sc. Q. E. D. 


1 shall subjoin three problems, that occurred during the con- 
sideration of the foregoing propositions. The first is an example 
of the application of the porisms to the solution of problems. 
The second gives, besides, a new method of resolving one of 
the most celebrated ever proposed, KEPLER's problem; and 
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the last presents to our view a curve before unknown, (at 
least to W e of a constant 
tangent. | 


| PROP, XIX. PROBLEM. Fig. 9. 


A common Derlien being given, to describe a conic hy- 
perbola, such, that if from its intersection with the given curve 
a straight line be drawn to a given point, it shall cut a given 
area of the 8 in a given ratio. The analysis leads to 
this 
8 Let BME be the logarithmic, G its modula; AB 
the ordinate at its origin A; let C be the given point; ANOB 
the given area; M: N the given ratio: draw BQ parallel to AN; 
' find D a fourth proportional to M, the rectangle B. OQ, and 
MAN. From AD cut off a part AL, equal to AC together 
: with twice G; at L, make LH perpendicular to AD, and, be- 
tween the asymptotes AL, HL, with a parameter * twice 

(DJs. AB. B. G) describe a conic hyperbola: It is the curve 
p N fi! 


' PROP, xXx. PROBLEM. rig 10. 


To draw through the focus of a given ellipse, a ene i line 
that Shall cut the area of the ellipse in a given ratio. 
Construction. Let AB be the transverse axis, EF the semi- 
conjugate; E, of consequence, the centre; C and L the foci. 
On AB describe a semicircle. Divide the quadrant AK in the 
given ratio in which the area is to be cut, and describe the 
cycloid GMR, such, that the ordinate PM may be always a 


* Or constant rectangle. 
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fourth proportional to the arc OQ, the rectangle AB 2. FE, and 
the line CL; this cycloid Shall cut the ellipse i in M, so that, if 
MC be joined, the area ACM shall be to CMB::M:N. 
Demonstration. Let AP.= r, PM = =y, AC==c, AB =a, 
and 2. EF b; then, by the nature of the cycloid GMR, 
PI. 09: 2. FE AB El and 20 AO—AQ= (by const.) 
= x AK —AQ; also, CI = AB — 2. AC, since AC = LB. 


W W- AK— —AQ:: ABx2.EF:AB—s. AC; or 
* MN arc go —Arc. vers. sin. : 4b: 4— 2c; therefore, 


—9 (a ac) or h (2c—a) = Sab x N „arc. 90. — arc v. s. 5 
and, by trans position, 
4 b x arc. v. s. s r +y(2c—a) = , arc 900. To these 
equals, add 2 y (z—z) o, and multiply by — 1; then will 
ab x arc. Vs. z+(22—a) y—2y (x—c)= 8 x ab x arc. 90), 


of which the fourth parts are also equal; therefore, 


5 — @) 4b M 
ES 22. ee ee go". 


Now, because AFB 1 is an ellipse, y* = 2 = * ar-, 5 


V2 8 


5 ar-; therefore, £2 3<-*** 4+ — 


— 2 (x—c) = == 22 X N wo * Arc. 4 „ Multiply wh numerator 
and PI of the first and last terms by a; then will 


e—_— 


3 
TX arc. 8. 44 
2 


. 1 


— V 2 40 2 „ 


N 
* HN arc. o'. Xo the fluxion of an arc whose versed 


; which is also the 


sine is 4 and radius — , Is equal to = 


—_ x 
2 of the arc 3 sine 1 V. and radius unity; * wherefore, — —— 


* The semi- transverse is zupposed unity, — this demonstration. | [| 
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x(< Lare ein. VELE == ie = 


b 

* 
* go"; and, by the quadrature 
of the circle, are. sin. AT vVaz , is the 


area whose Solon is 7; concequently, the semicircle's area is 


© xare. go. But the areas of ellipses are, to the corresponding 


areas of the circles described on their transverse ares, as the 


conjugate to the transverse; therefore © — * = X ATC . sin. VE 


+EZavVar=P) i is the area 3 abscissa is 4, of a 


semi- ellipse whose axes are a and b; and, consequently, 


b 


Ix are. go' is the area of the emi-ellipse. Wherefore, 


the area APM — my ns wb ie Ae But 
L (7c) (= « IP=IT = = x PC) is the triangle 
CPM; : consequently, APM — cM, or ACM, i is equal to NN 


„AMB; and ACM : AMEB :: M: M + N; or (dividendo) 
ACM: CMEB :: M: N; and the area of the ellipse is cut in 
a given ratio by the line drawn through the focus. Q. E. D. 
Of this solution it may be remarked, that it does not assume 
as a postulate the description of the cycloid, but gives a simple 
construction of that curve, flowing from a curious property, 
| Whereby it is related to a given circle. This cycloid too gives, 
by its intersection with the ellipse, the point required, directly, 
and not by a subsequent construction, as Sir I. NEwToN's does. 
I was induced to give the demonstration, from a conviction that 

it is a good instance of the superiority of modern over ancient 
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analysis; and in itself, perhaps, no inelegant Specimen of alge- 
braic demonstration. 


PROP. XXI. PROBLEM. Fig. 11. 


To find the Curve whose Tangent is always of the same * 
nitude. 


Analysis. Let MN U the curve required, AB the given axis, 
SM a tangent at any point M, and let d be the given * 


tude; then, SM. 9. SP. 9 TPM. 2 ; or, y ＋ 5 


. . and == 7 therefore, => x VT=F. In order 


i to integrate this equation, divide — - * d— * into Its two parts, 


3 and —y 
N * 5 · 


To find the fluent of the former, 


. aden of + VEL 


_ therefore, the fluent of 3 
F 3979 


is 4 hyp. log. 24 . and the fluent of the other part, 


= = is + V 2 — ** therefore, the fluent of the aggregate : 


5 VES7 is VF ire or N FF + 
d x h. I. 


7 5 @ fra equation to 1 curve required. 
ASL 
3E 2 
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I shall throw together, in a few corollaries, the most remark- 
able things that have occurred to me concerning this curve. 
Corollary 1. The subtangent of this curve is Vd - 

Corollary 2. In order to draw a tangent to it, from a gion 
point without it; from this point as pole, with radius equal to 
d, and the curve's axis as directrix, describe a conchoid of Nico- 
medes : to its intersections with the given curve draw straight 
N lines from the given point; these will touch the curve. 

Corollary g. This curve may be described (organically) bx 
drawing one end of a given flexible line or thread along a 
straight line, whilst the other end is urged by a weight towards 
the same straight line. It is, consequentiy, the curve Y traction : 
toa straight 8 

Corollary 4. In order to dei this curve from its equation; 
change the one given above, by tran eferring the axes. of its 
co-ordinates : it becomes (y being - = P'M and æ = AP") y 
= F< E 3+ Ach. I. T l Which may be used with 

ease, by changing the hyperbolic into the tabular logarithm. 
Thus then, the common logarithmic has its subtangent con- 
stant; the conic parabola, its ubnormal; the circle, its normal; 
and the curve which I have described in this proposition, its. 
e. 


Edinburgh, 1797. 
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XVIII. Observations of the diurnal Pariation of the Magnetie 
Needle, in the Island of St. Helena ; with a Continuation of 
tze Observations at Fort Marlborough, in the Island of Su- 
matra. By John Macdonald, Esq. In a Letter to the Right 
1 Bart. K. B. P. R. S. Sw 


Read May 24, 1798. 


SIR, _ 5 | Edinburgh, September 30, 125. 


O. my arrival f in l I had the honour of observing to 


you, that I had taken some observations of the diurnal varia- 


tion of the magnetic needle, in the island of St. Helena. I am 


to apologize to you for having, till this period, omitted furnish- 


ing you with these, and with a continuation of those formerly 
taken in the island of Sumatra. The meridian was laid off by 


means of an apparatus brought from Bencoolen; and the re- 
quisite allowance made for the alteration of the sun's declina- 


= set in a pillar of teak-wGod, well fixed, for the use of naviga- 
tors; who, by applying a compass-card to it, will find the va- 


riation. more readily, and correctly, than by amplitude or azi- 


muth. A short residence at St. Helena, arising from the sud- 
den departure of the fleet to which the ship I was in belonged, 


has prevented the observations from being as numerous as 1 
could wish. Their agreement, however, indicates that fifty- 


eight observations are sufficient for affording such conclusions 


tion during the operation. The meridian- plate remains firmly 


1 — ot. 


—— — 
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as philosophy may draw ; and tends to confirm some inferences 
stated in a former Paper, containing similar observations taken 
in the East Indies. By adding the mean of the morning and 
afternoon observations, at St. Helena, and taking the half, the 
general variation, in the month of November, 1796, appears to 
have been 13 4834 west: and, by subtracting the medium 
diurnal afternoon variation, from the medium diurnal morn=- 
ing, the vibrating variation proves to be g' 55”. It appears, that 
the magnetic needle is stationary from about six o'clock in the 
evening till six o clock in the morning; when it commences 
moving, and the west variation increases, till it amounts to its 
maximum, about eight o'clock; diminishing afterwards, till it 
becomes stationary. Here, the same cause seems to operate as 
at Bencoolen, with a modification of effect, proportioned to the 
relative situations of the southern magnetic poles, and the places 
of observation. At the apartments of the Royal Society, this 
species of variation is found to increase, from seven o'clock in 
te morning till two o'clock in the afternoon. If the variation 
is east, in the northern hemisphere in the East Indies, I con- 
Ceive that the diurnal variation will increase towards the after- 
ndon, remain some time stationary, and diminish before the 
succeeding morning: if the general variation is west, in that 
quarter, the reverse may be the case. The quantity of the diur- 
nal variation is greater in Britain than at St. Helena, or at Ben- 
coolen. This will naturally arise from this country's being 
more contiguous to its affecting poles, than those islands si- 
tuated near the equator. It were to be wished, that observations 
were taken in as many situations as possible, similarly situated 
in the opposite hemispheres, on the lines of no variation. A 
greater degree of dip might be found, and conclusions might 


be deduced, that would tend considerably to illustrate this 
curious and interesting subject, as yet involved in conjecture 
and uncertainty. I frequently, while at Bencoolen, observed 


that the needle did not retain the same level, but was some- 
times depressed, and sometimes elevated, six or eight minutes. 


I paid little attention to this, ascribing it to a minute alteration 


in the position of the point of the socket over the pivot. I ob- 
served, sometimes, a similar difference of level in the position 
of the needle at St. Helena, without being able to account for it. 


It may be possible, that the dip of the needle is subject to a 
diurnal variation in its vertical movement. I have perused such 


publications as have appeared on magnetism for some time 


g I have the honour to be, c. 


JOHN MACDONALD. 


In the following observations, F. means fair; A. after; 


RK. rain; N. night; L. lightning; C. cloudy; S. sky; T. thun- 
der; m. much; o. overcast; s. serene; W. windy; |. little; 


a, the indefinite article; E. or W. east or west variation: a 
figure, as 7, over the degree, means that the observation was 


taken then, and not at the usual hour. 


past: they state no theory of this obscure science, more 
rational, or satisfactory, than that left us by the celebrated 
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XIX. On the Corundum Stone from Arie. By the ght Hom 
e ad: — gm 


| | Andi cyrallorm, tam de quam dives ser. multum lucis ocientia 
_ + expectat, 1 3 Ow de Terra Gemmarum. 


> Havme contributed to king into notice the wiv oub- 
stance from the East Indies which is generally called Ada- 
mantine Spar, I beg leave to lay before the Royal * the 
following account of its history and introduction. 
About the year 1767 or 1768, Mr. WILLIAM Benny, a very 
respectable man, and an eminent engraver of stone, at Edin- 
burgh, received from Dr. AnDErsoN, of Madras, a box of crys- 
tals, with information of their being the material used by the 
natives of India, to, polish crystal, and all gems but diamonds. 
Mr. Bnnv found that they cut agate, cornelian, &c. ; but, in his 
minute engraving of figures, upon seals, &c. the superior hard- 
ness of the diamond appeared preferable; and its dispatch com- 
pensated for the price: the crystals were therefore laid aside, 
as curiosities. Dr. BLAck ascertained their being different from 
other stones observed in Europe, and their hardness attached 
to them the name of Adamantine Spar. My friend Colonel 
Carhcaxr sent me its native name, Corundum, from India, 
with some specimens, given to him by Dr. ANDERSON, in 1784, 
which I distributed for analysis. 

3 F 2 


* . — — ä | — — , « — 
„ oo re er ies —— Lid ain A = — 


ä publighed i in 1925; p. 6. C 10. Nella Corivendum is found 

=. by digging at the foot or bottom of hills, about 500 miles tothe 
2 southward of this place. They use it as em 
* &c; it serves also to grind fubies; by making it like hard 
« cement, by the help of stick. lac mixt with it. East India. Mr. 
„ BULKLEY.” — These, with a few othefs in Woopwanp's Ca- 
 talogues, are the only instances by which ary pecan to 
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| When the native name was obtained, i appeared, from Dr. 


Woopwarp's Catalogue of Foreign Fossils, published about 
the year 1519, that the zame substance had been sent to him 


from Madras, by his correspandent Mr. BuLkLEV. 
In his first Catalogue of Foreign Fossils, p. 6. 7. 17. « Nella 


Corivindum is found in fields where the rice grows: it is com- 


1 r up by field rats, and used, as we do emery, 
« to polish iron. 


Page 11. . 1. Tolls: Convindum, Fort St. George, Mr. 


« BULKLEY. "Tis a talky spar, grey, 1 * 


* is uped to poliah rubies and diamonds.” Py 
In Dr. Woopwanp 8 additional Catalogue or Foreign Fossils, 


5 to clean arms, 


1768, appears to have noticed this substance. 


This information being unsatisfactory, and every 0 15 


of the stone indicating it to be part of a stratum, I wrote re- 


peatedly to friends in India, to ascertain, if possible, the situa- 

tion of the rock, and, if near the sea, to send a considerable 
; quantity, as ballast, with a view of applying it to cut and polish 
22 porphyry, and other stones, which the high price 


of cutting and polishing excluded from useful or ornamen- 


tal work. But my inquiries at Madras were fruitless : by 


some I was assured it came from Guzarat: From Bombay I 
obtained no satisfactory information. At last, in the year 
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179g, I obtained a satisfactory account. Sir Cuantes OaKLEY 
was disposed to oblige me: he was then Governor of Madras; 
ES e eee f G. . rg 


GARROW. 
Mr. Garrow ine 1 difficult it was to 45010 1 causes 

of my failure, from every Hindoo being occupied by the duty 
of his cast; scarcely thinking on any thing else, and, when- 
ever his interest is concerned, being suspicious and reserved. 
Mr. Garrow, in the first place, ascertained the cast connected 
with Corundum to be the venders of glass bangles ; that they 
used it in their business, and sold it to all other casts. This 
cast of natives, at all times, had free access to every part of 
 Tippoo's country; nor, until the districts about Permetty were 
ceded to the English, could it be procured in any other way. 
Mr. Gannow depended on his personal inspection; the parti- 


culars are contained in the following n communicated o 
me why Sir CnanLEs OAKLEY. | 


Sir CranLes OaxL EY, Bart. 


8h, 1  Tritchinopoly, 10h Nov. 1792. 
Bo derived 50 little een from the various accounts 
1 given me of the Corundum, from the indifference of the na- 
« tives to every subject in which they are not immediately inte- 
4 rested, that I resolved to ascertain the particulars I wished 
« to know, on the spot where the stone is found. The glass- 
men agreed i in one material circumstance, that the place was 
« not far from Permetty : in other particulars they dicagreed, 
apparently with intention to mislead. 
It is near a fortnight since I dispatched a Servant I could 
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Mr. GreviLLE on the 
« depend on to Permetty, with one of these people, who, on 


« his arrival there, probably through fear of his cast, said he 


« knew no farther. My servant persevered, r 
« he had found the place I wished to see. 
« arrived at Permetty, by the route of ne the 6th; 


« and, learning that the distance to the spot was about g hours 


« or 14 miles, I left Permetty in time to arrive there about 


« gunrise the next morning. At this time no person but my 
« gervant was present, and, from a continued excavation at 


« different depths, from 6 to 16 feet, in appear: 


ter- course, running in length about - a mile and a half eeet 
and west, over the brow of a very rising ground, I saw at 
« once the place from which the stone was procured. The 
* prodigious extent that at different times appears to have been 

« dug up, with the few people at Shows that it has been 

* a business of ages. 
„The ground through which the vein of excavation runs, 
« and of course the mineral, commands one of the finest and 


% most extensive prospects it is possible to conceive. The sur- 
« face of the ground is covered with innumerable fine alabaster 


« stones, and a variety of small shrubs, but not a tree * 
« to shelter my palanquin. 


« There is not the appearance of an habitation within three 


« quarters of a mile. The nearest village is called Condrastra 


« Pollam. In this village are about go small thatched houses: 


among these are 5 families, who, in descent by prescriptive 
right, are the miners, and dig in the pits. The nearest place 
« of any consequence, in RENNELL's Map, is Caranel, on the 

south side the Cavery. The distance of the pits from the 


« river is above 4 miles; but the ground between prevent its 


%% 
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being seen in a direct line. A fine view of the river is seen 
„near Erode; which fort, as well as Sankerdroog, are plainly 
visible with the naked eye, as is also the Coimbitoor country, 

south and west of the river, to an immense extent. 

I procured, at Permetty, a cadjan from the Bramin manager 
to the head man of the Pollam; which, on my arrival at the 
« pits, I sent to him; and soon after three of the miners came 

« from the Pollam, with their implements, and families follow- 
« ing with provisions. As they came up, they inquired of my 
. wile ity ning Green an 
« European before. 
« ] followed them into a pit, in the line of the excavation, above 
« 14 feet from the ground-level. The instrument they used 
« is a very heavy iron crow, ending in a broad point, with a 


* straight wooden handle, clampt with iron. The soil they cut 


« through is of different colours, but composed chiefly of a 
* oritty granite; and, at the depth of seven feet, are layers of 
« a substance not unlike dried pitch, which crumbles into small 
2 flakes when taken out. With considerable labour, the miners, 
« with the points of their crows, cut out several pieces of 


« the strata, of some pounds weight each; and, when a consi= 


« derable quantity was broken off, it was carried up and crush- 
« ed to pieces, with great force, by the iron crow. Among 
these broken lumps, the Corundum stone is found; but in 
many of the pieces there was none. The mode of getting it, 
made it difficult to get any with the stratum adhering to it; 
« this, however, after several trials I obtained very perfect, and 
shall forward to Madras, with specimens of the strata at dif- 
« ferent depths. The stone is beyond all comparison heavier 
« than the substance which encrusts it. 


Mr. GrevilLy on tbe 


. 
« under such difficulties have been sought for, and applied to 
* any purpose; and that the knowledge of the few people who 
« dig for it, and who do so from father. to son, is confined en- 
< tirely to the finding the stone. For they told me they knew | 
none of its uses, and that the labour was so hard, and their 
* gain so small, that they would, through choice, rather work 
«in the fields; that the sale of it from the spot is confined 
< golely to the glass sellers, who vend it over the whole coun- 
try, and who had, while I was there, above forty Parriar 
horses, bullocks, &c. ready in the Pollam, to carry it to Tin- 
* nevelly, and the southern countries; through which track, 
* if the stone is known in Europe, I apprehend it has found its 
way, by means of the Dutch. 
1, The people on the spot declare it is to be got jn-iog other 
situation or place whatever; and the stone-cutters tell me 
they can do nothing without it. It pays no duty, either where 
« dug up or retailed.  - 
The colour of the stone is either very 6 
« plish, in the proportion of twenty to one of the latter; but in 
l use no preference is given, and they are used equally. To an 
indifferent person, the most A circumstance Is its = 
weight. 
As the spot I have been a epeaking of now composes a > part | 
« of the Company's territories, the most minute information 
on the subject may be acquired. | 
4 I felt particular satisfaction in having been the first Euro- 
pean who was ever at the place; and I shall be much grati- 
« fied if the account given meets with your approbation. 
« I shall dispatch a load of the Stone, in a day or two, which 


1 
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e at the Pollam, with the charge of it. The distance 
from this place, 2 


The Changes of zolb. Weight of Corundum. 


Nine — measures of the Corundum stone weigh 


« 5olb. 
Average and Cost at the Pits, 13 ; 
P. | F. 1 


«15 Madras fanams per measure = —— 1g 40 
Cooley from thence to Tritchinopoly — 28 40 
« Ditto from nn and a os | 113 40 


Pagodas - 2 10 40 
* The stone is delivered by measures, and paid for at the 


Mi Pollam, i in the gold fanam. 
« I am, &c. CE 
__ «« EpwarD GaRRow. 
Nov. 15, 1792.” 1 


| This letter contains very interesting topographical 8 


tions on the mine The specimens sent were of one sort, of a 
greyish colour, with a shade of green. The entire crystals, which 
selected among the broken ones, were of course few in pro- 
portion; but, with the addition of some distinct crystals, which 


CGol. Carncaxr and Capt. Col ix MacaulEx had sent me, have 
been sufficient to ascertain the structure and form of the crys- 


tals, of which an analytical description will close this Paper. I 

shall, therefore, now say nothing concerning their form, but 

„The above is the prime cost. I have been informed by correspondents, who 

purchased some in retail, that it was sold for about six shillings a pound, at Ma- 
Mpccxc vin. 30 
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proceed to give an account of the varieties of Corundum stone, 


which I have obtained from India and China. 


In the year 1786, Col. CaTycarT sent me a small fragment 
of a stratified mass from Bengal, with this label; . Corundum, 


* much inferior in price to that of the Coast. It is of a purplish 
hue; its fracture like compact sand-stone ; and a confused 


crystallization appears in all parts of the stone, by fibres of a 
whiter colour, from which the light is reflected, as in feld- 


spar, &c. 


I have since obtained a Alles fron of the a af the same 


texture, but rather paler i in its purplish hue. Sir Joux Mac- 


GREGOR MunRAx informed me that it is called by the natives 
of Bengal, Corone, and used for PRIN ae, and for all 


the purposes of emery. 


Its specific gravity is 3876. 
Capt. Col ix MacauLey 1 a lump of Corundum from 
a Sikuldar, (a polisher, this term is most appropriate to polishers 
of steel,) in whose family it had been above twenty years em- 


ployed, for grinding and polishing stones or gems. The use 
to which it had been so long devoted had occasioned grooves 


in its surfaces, which facilitated greatly the examination of its 
structure. It is about 34 inches long, 32 inches broad, and 


: above two inches thick. On one of its broad surfaces are two 


oval grooves; one of them is four inches long, one broad, and 


2 of an inch deep. On the opposite side is a shorter oval groove, 


above 24 inches long, 12 L inch broad, and one inch deep. In 
these grooves, the ods of the laminæ of the mass reflect 
the light, like the crystals. It serves as a specimen of the 
simple apparatus of an Indian lapidary. Stones polished in 
these grooves would be of the common India polish and form, 


Corundum Stone from Avia. 411 


en cabochon, which is often called tallow drop, from the French 
lapidaries' term goutte de suif, convex, oval, or circular. 
A very small quantity of the Corundum powder would be 
required, as the action of the powdered Corundum and gems, 
on the lump of Corundum, would, as appears from the depth 


of the grooves, wear away from it a supply of powder, for the 


operation of polishing. It appears to be part of a larger mass, 
is of a purplish colour, and of the same laminated texture as 
the crystals of Corundum; it has this peculiarity, there ap- 
pear cracks, branching irregularly across the laminæ of the 
lump, which are filled with homogeneous matter, distinguished 
however by the superior purity which might be expected to 
arise from the degree of filtration required for its deposition in 
the fissures. Some of these cracks, which terminate on the 
surface, appear to have the same crystallized arrangement which 
characterizes the laminæ of Corundum. The cracks not being 
in any degree influenced in their direction by the laminæ of the 


crystallized mass, it is probable they had not been consolidated, 


when they cracked; and, from this specimen, we may _ 
to find Corundum cementing masses of stone, by the same 
cess of stalactitical cementation by which quartz and 3 
connect great nodules and masses of siliceous stones. N 

In this specimen, I consider the veins as pure Corundum, 
that is, having the same specific gravity, hardness, and tex- 
ture as Corundum crystals; and I found the whole lump pos- 
sessed all the qualities of Corundum, except its specific gravity, 
which amounted only to 2,785; and in this property it corre- 
sponded nearly with the matrix of the Corundum crystals, or 
the vein in which Corundum is before stated to be found; the 
specific gravity of which is 2,768. The texture of the matrix 

36 2 
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appears sometimes like adularia, and confusedly crystallized ; 

often compact, like cipoline or primitive marble; sometimes 
sparry, sometimes granulated, and, on the outside of the vein, 

and near fissures, decomposed, and becoming opaque. In all 
its states, it scratches glass, but not rock crystal, possibly from 
want of adherence of its particles; and in this it differs from the 
substance of the above lump, which cuts uw and rock — 
with great facility. 
This lump, and the matrix of Corundum, at to possess 


the same properties as Corundum, when examined by the blow- - 
Pipe, . with the different fluxes. 


The matrix of Corundum having sometimes an appearance 
lüke adularia and feldspar, I ascertained, by Mr. HArchErr's 
scales, the specific gravity of adularia to be 2,558, and of feld- 
spar 2,555. The Corundum, and the lighter Corundum of the 
lump, cut adularia and feldspar; the latter effervesced, and 
combined with soda, which the former did not. 1 

It is therefore evident, that the matrix of Corundum, or ad 
stance of the vein, is a distinct substance from adularia and 
feldspar, and nearly connected with Corundum. 
The matrix or vein contains also a black substance, like 
shorl, which, on closer observation, appears to be bornblende. 
This substance Mr. Gannow had remarked to have the ap- 
pearance of charcoal, and, on that account, he had attributed 
the formation of these strata to the agency of fire. Other gen- 
tlemen, from the appearance of the matrix of Corundum, have 
stated it to be a calcareous vein. 

Mr. GaRROw observed, that there ran through the strata in 
which the Corundum was found, veins of a substance like dried 


pitch, apparently on their edge, which separated like a pack of 
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cards. It is a brown micaceous substance, which in drying 
foliates, and shews a certain degree of regular arrangement of 
the component parts; in this case, the fragments of the folia 
Subdivide, with some degree of regularity, into rhombs, whose 
angles are 60 and 120": it is more smooth, and less flexible, 
than pure mica. 2 

These are all the sorts of Corundum which I W from 

I now proceed to the result of my inquiries in China. 

I requested Capt. Cummins, in 1786, at that time command- 
ing the Company's ship Britannia, to take a specimen of Corun- 
dum to China, to ascertain its nature, and to obtain specimens, 
if possible, adhering to their matrix, and regularly crystallized. 
On his arrival at Canton, he collected the information I wished, 
with the good sense and zealous desire which he always exerts 


for his friends. He ascertained that the stone I inquired for, 


was in common use with the stone-cutters; and he brought me 


the stone, in its rude and in its pounded state, taking care to 


select the most regularly crystallized pieces, and others adhe- 
ring to the rock. A stone-cutter was sawing rock crystal 


. with a hand-saw, which he also brought to me; it is a piece 


of bamboo, slit, about g feet long, and 14 inch broad, thickened 
at the handle by a piece of wood, rivetted with two iron pins; 
having a lump of lead tied with a thong of split rattan, steady- 
— ng an iron pin, on which the end of a twisted iron wire 
is fastened, which, being Stretched to the handle, is passed 
through a hole in the bamboo, with the superabundant wire; 
a wooden peg, being pressed into the hole, keeps the bow 
bent, and the wire stretched, and serves to coil the superfluous 


v ' 7 
4 = WY as <4 * S * 
3 Vx * — * = 2 - 1 
« . —_ — = — _ 4 - — _ 7 3 
1 — * N £- 8 . = = — — — — ” — — — 
5 —_ — — - a A _—y E —— . a | 
. „ = * — ——— —— > P) a 223 — — 4 rw 
. 2 — —— - - 
= ms Jn 
— — BY * * - = : . 2 - * * ? \ r a4 2 


* "I" 1 — i 4 
* bs 
| * ö N 


4 a. þ pF > 
ac ts — ara_ 


— a 


Mr. GREVILLE on the 


414 


wire, till, by sawing the crystal, the stretched wire is worn, 
and requires to be renewed from the coil. The twisted wire 
answers the purpose of a saw, and retains the powder of Co- 
rundum and water, which are used in this operation. Dr. Lind | 


had before brought specimens similar to the above, from China. 


From Sir Joszen Banks I obtained Dr. Lixp's specimens, 


and some in powder, which Mr. Duxcan, supercargo in Chi- 


na, had sent him, with the Chinese name, Pou-sa. The ma- 


trix, being mixed with a red and white sparry substance and 


mica, is generally called red granite; but it appears to me of 


the same nature as the matrix of Corundum from India. The 


white js more fibrous, and like cyanite; the red part of it is 


compact and opaque; other parts appear to foliate, and pure 


mica is in considerable patches, and generally adheres to the 


crystals. 


This Corundum is vf a darker brown, and more 
irregular on the surface than the Corundum of the Coast, and 
often mixed with black iron ore,“ attractable by the magnet. 


It is described as the third modification of the Corundum crys- 


tal, in the analytical description which follows. The chatoyant 
or play of light, on these dark crystals, is very remarkable; 


some are of a bright copper colour; others exhibit the accident 
of reflection of light, which, in a polished state, gives varieties 
to the cat's eye, star-stone, sun-stone, Sc.; which, as yet, are 


classed from such accident, without strict attention to their 
nature, which is various, and in general has not been ascer- 


tained. 


* A small group, consisting of three or four octoedral crystals, presents the least 


common variety of this kind of iron ore; the edges of the octoedra being replaced by 


planes which almost cover the triangular planes. Rome de L'Isle. Cristallog. 
Vol, IV. Plate 4. fig. 69. 
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These are the circumstances connected with the strata worth 
mentioning. The examination of Corundum on which our 
present knowledge rests, is nearly that which an Indian mine- 
ralogist might derive of the history of feldspar, from a lump of 
Aberdeen granite, out of one or two different quarries. He 
might ascertain a few modifications of the crystal of feldspar, 
its fracture, and matrix; but he would have no knowledge of 
the purest or more beautiful sorts which other quarries produce, 
in Scotland, at Baveno, at St. Gothard, and in Auvergne. I there- 
fore think it essential to mention, that Corundum, under cir- 
- cumstances favourable to its crystallization, becomes glassy in 
Its fracture, and of various colours. I have not only observed, 
in crystals of Corundum, specks of a fine ruby colour, but I 
have fragments of crystals, in texture and every respect like 
the colourless Corundum, of a fine red colour. It is cer- 

tain that we obtain from India, Corundum which may pass 
for rubies. I have sent to India some of the Corundum with 
small ruby specks, which were not sufficiently distinct or large 
either for measurement or analysis, in hopes of being enabled 
to ascertain correctly the form of Salam rubies found in Co- 
rundum; in the mean time, I have the Corundum of a fine red 
colour. Looking over some polished rubies from India, I se- 
| lected one which appeared laminated like Corundum, and had 
also the chatoyant or play of light on its lamine, which formed 
an angle in the stone. The lapidary called it an Oriental 
ruby. I altered the form of the cutting, 80 fortunately, that 
the reflected rays formed a perfect star; a phenomenon 1 
had observed in the sapphire, and expected in Corundum, 
but not in the octoedral ruby. The specific gravity of 
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this stone, being 4,166, confirmed my opinion that it is one of 
the Salam rubies, so much esteemed by the natives on the Coast 
or Peninsula of India, which are found in the Corundum vein. 
The specific gravity of a colourless sapphire, very little less 
opaque than Corundum, forming also a perfect star, was 4,000 : 
that of a deep blue sapphire, and of a star-stone, 4,035; all 
which 1 connect with the Corundum; the specific gravity of a 
distinct crystal of which was 3, 950; of a fragment of ruby- 
coloured Corundum, $3,959; and of a 9 of Corundum 
with vitreous lustre, 3,934. 9 7 
It may be objected to me, that BERGMAN has stated the va- 
_ of specific gravity in gems to be so great, as to leave no 
certain rule of judging thereby of the species. He observed, 
that the topaz generally prevails in weight, being from 9,460 
to 4,560; the ruby from 3, 180 to 4,240; then the sapphire, from 
3,650 to 9,940.* But in the preceding page he had said, Ana- 
lysi crystallorum, tam ejusdem quam diversæ figuræ, multum 
« Jucis scientia expectat. Illæ quarum antea compositionem ex- 
_ « plorare licuit, naturali forma per artem private erant. It is 
not, therefore, an hypothesis unworthy of examination which 
I advance, that gems derived from the rectangled octoedra, 
whose specific gravity is above 3, go0 to g,800, will be found 
to be diamonds or octoedral rubies; and these will be easily 
distinguished from each other, by their lustre and hardness. 
Diamonds, whether red, yellow, blue, or white, being hardest, 
though their specific gravity will be less; viz. from 3, 356 
to 3,471, as I found among different diamonds in my collec- 


De Terre Gemmarum. Bergm. Opusc. Vol. II. p. 104. 
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tion: whereas the octoedral ruby was from 3, 371 to 9,625, and 
inferior in hardness, not only to the diamond, but to the Co- 
rundum; the specific gravity of which, in its different appear- 
_ ance of form and colour, I found to vary from g, 876 to 4.166: 

and 1 suppose it to be subject to a variation from g, 900 to 
4-300: after which, the jargon will come, with a specific gra- 
vity of 4,600; easily distinguished also, by its crystallization, 
from the abovementioned gems. The above specific gravities, 
Mr. HArchErr very obligingly assisted me in taking, with his 
accurate scales, in the temperature of 60. It will not be un- 
derstood that I depend entirely on the specific gravity; on the 
contrary, I connect this quality with crystallization : hardness 
is the next criterion; and analysis must separate the component 
parts, and demonstrate the analogy or identity of substances, 
or of compounds. The improvements of Mr. KrayroTH's pro- 
cess are evident, by the comparison of his * en and : 


his last analysis, of Corundum. 
In the first it consisted of 

Corundum earth — 68 o 

Siliceous earth  — 31 30 

Iron and nickel 0 30 

100 
By me last analysis of Mr. Karnora. the Corundum of 

the Peninsula of India consisted of 


Argillaceous earth - 8g 50 
Siliceous earth -. - 5 50 
Oxide of iron - — 1 25 


„FTT 
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3 Argillaceous earth | en 

* Oxide of hon E 
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That the mal eme by Mr kunnen may be com- 
Cal of iron = 1 . 


100 
. ore cryotallined. is often mixed with the Chinese Co- 
rundum, as I have before stated, and may be considered as 
accidentally interposed, not combined. In the Corundum of 
the Coast, the greenish colour may indicate the combination of 
iron, as the blue colour does in the sapphire; and the propor- 
tion of iron in both is mr alike., 
There then is the == and == 2 of silex i in 1 Corundum, evi- 
dently an integral part of the e coarse Corundum crystal, and 
not of the sapphire; but it will require an analysis of the vitreous 
or pellucid Corundum, to decide that silex is a constituent part 
of Corundum : there will then remain to account for the calca- 
reous earth; and, having established its being a constituent part 
of the sapphire, the small proportion of can not be expected 
to produce a very notable difference. 
It is not necessary to do more than thus to hint at what 
further analysis and examination of former experiments are 
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nen to ascertain the analogy or —— tho cappiiee 
and Oriental ruby with Corundum. 
1 have before stated, that I have Corundum (which has the 
ame txtate- acd-fentitury/ as the comaben coloiriees Coren- 
dum) of a ruby red, and also of sapphire — and — 
blue and white colours. 0 1 
I have sapphires, yellow and blue, white and "ou Oar? - 
Wee de 1 should. conazder as 
Corundum, with fracture of vitreous lustre... Mm” - 
Nx. mum, who resides in Ceylon, and from whose 
— wet eimaten, had, about 
five years ago, a sapphire, the greater part blue, and the remain- 
der of a pale ruby colour. I saw, in Rome DE L'IsLE's collec- 
tion, at Paris, a small gem, which was yellow, blue, and red, 
in distinct spots, and he called it Oriental ruby. M. DE LA 
METHERIE, to avoid the confusion of the denomination Oriental 
ruby with octoedral ruby, calls it a sapphire; with more cor- 
rectness, I think, the abovementioned gems should be classed 
1 under the denomination of Corundum. __ 
I am not uninformed that Corundum is said to be found in 
France. The Count de Bournon is convinced 
cimens mentioned in CRELL's Journal, as having been found 
by him in a granite in the Forez, were Corundum. M. Mon- 
vxau also says, he found it in Bretagne; but the Abbe Haur, 
in No. 28 of the Journal des Mines, asserts, that the Corundum 
found in France is titanite: he does not say whether this ob- 
servation extends both to the Corundum of ee and that 
of the Forez. 
In the same manner I had — in the s pecimens 
which Mr. Rasrz called Jade, or a new 8 from Tiree, 
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ably subjected to uncertain external characters, which even 


on the west coast of Scotland, a great resemblance to Corun- 


dum; but, having then only had a cursory view of the sub- 
Nance, I am indebted to Mr. HA ren for the examination of a 


menen of it which he had tom Mr. Raspz's collection. 


The Tiree stone resembles crystallized Corundura of the 


Cont, bn range and eatour; it is also as refractory, when exa- 


mined 4 the wg n different fluxes. Its apecific 


readily, but not rock crystal; its hardness therefore corresponds 


with that of the matrix of Corandum. The substance of the 


lump described in Page 410, ag ee r pe 2 


the Tiree stone, readily. 


. to hay, ee 
prodibiiey Corundwin my: be ound in Great Britain, and wn 


ehght assays may show, that observations on Corundum, in its = 


different states of purity, may lead to accurate distinction be- 
tween substances hitherto imperfectly known, and will lead to 


a revision'of the siliceous genus, whereby the argillaceous ge- 1 
1103 — ap ppg 


When gems, by art, or by rolling in the beds of rivers, have 
been deprived of the angles of their crystals, they are unavoid- 


great practice cannot render certain; and hence the unwilling- 


ness of European jewellers to deal in coloured gems. I have 
some specimens of a sapphire- blue stone, India cut, very small 
and pellucid; they were purchased in India, as sapphires, and 
were supposed to be fluor by — in London, but are 
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cyanite. The above could scarcely have happened, if the stones 
had been of sufficient size and value to require much examina- 
tion, the weight and degree of hardness being exceedingly de- 
ficient. The colour, therefore, will not be a safe guide. The 
diamand, whether white, blue, red, yellow, or green, can be 
distinguished by its crystal, or by its specific gravity and hard- 
ness, or, when it is polished, by its lustre. Other stones which 
compose the order of gems, might equally depend on their crys- 
tallization, specific gravity, polish, and hardness, for a distinct 
arrangement. The near relation of argil, which BEROGMAN gave 
to this order, is daily confirmed; and it will perhaps be to Mr. 
KLAPROTH, more than to any other existing chemist, that we 
mn > RICE 
as we do on the subject of Corundum. : 
Many of the varieties of Corundum, ts 6 
loured and transparent sorts, with their regular crystallizations, 


are yet desiderata. Many crystallized stones, from defect of 


colour, lustre, Sc. are of little value in the market, such as, 
jargon, chrysolite, tourmaline; and an infinity of unnamed 
stones of Ceylon, Pegu, Siam, Sc. would be valuable to the 
mineralogist, if obtained adhering to their strata, and in crys- 
tals whose external form is not obliterated. I have no doubt, 
when it is known how much such information will tend to 
illustrate the history of the earth, and particularly that of gems, 
the spirit of inquiry, so laudably afloat in British India, wil 
be directed to attain it. 

I have not heard of any metallic veins being found i in Corun- 
dum, unless a stone which ALoxnso Basa, lib. i. c. 13. de- 
scribes, should give an instance. The Chumpi, so called 
from its grey colour, is a stone of the nature of emery, and 
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& contains iron; it is of a dull lustre, difficult to work, K, because 


5 tion of that substance from India and China, it might be suf. 


have examined the mines, and 3 


collected, and which promises to be a certain method of ascer- 
taining the laws by which elective attraction arranges and 
combines molecules of matter. 


F dow, and different nations have contributed to its present 
improvement. It is rather remarkable, that the earliest trea- 
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it resists fire long. It is found at Potosi, at Chocaya, and 
other places, with the minerals negrillos and rosicleres.” f 
Having mentioned the varieties of crystallized and amorphous 
Corundum, and the miscellaneous facts relative to my collec- 


ficient to give an icon of the crystal, and close a paper already 
prolix; but, having with satisfaction observed, within the last 
years, the science of mineralogy gaining ground in Great Bri- 
tain, from the knowledge acquired by several gentle 


with the most experienced and learned men on the Continent, 
and also from ingenious foreigners, who have communicated 


their observations on English fossils, and connected them with 


the most approved systems, it may perhaps be accepted as a 
sufficient apology for what follows, that I consider it as a desi- 


deratum to English mineralogists, to be invited to a preference 


of permanent characters, which the study of crystallization has 


It is true, the progress of W has been extremely 


tise on metallurgy, of authority, was published in Italy, by 


Vaxoccrus Binixcuccius, just before AGRIcoLa published 


his treatise in 1546 in Germany; and the first treatise on the 
structure of crystals I know, is also from Italy, by NicoLas 
SrENo, Prodromus Dissertationis de Solido intra Solidum na- 


turaliter contento. Florentiæ, 1669, in 4to. A work of great 
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merit. Louis Bouncurr of Neuſchatel, in his Lettres ur la 
Formation des Sels et des Crystauz. Amst. 1729, 12*, connect- 
ed, by observation and measure, triangular and rhomboidal, 
and cubic and pyramidal tetraedal molecules, for all different 
substances. His contemporary, MAuRicE ANTOINE CAPEL= 
LER,* attempted to deduce a system from geometrical prin- 
ciples; and in this state did Linnzvs find the subject, when he 
attempted to reduce the science of minerals to external cha- 
racters, and crystallized bodies to salts. 
None of the observations of Linnzvs will prove useless to 
science; but his system alarmed the chemists and mineralo- 
gists, who rejected every other criterion than internal charac- 
ter from analysis, and the system of CRoxsT EDT was preferred 
dy general assent. By this means, a spirit of controversy de- 
prived the chemist and lythologist of mutual assistance; and 
_ the general opinion was correct, on the supposition that a 
mixed system of chemical and external characters would be 
irreconcileable; but it has been admitted, even by those who 
most decidedly opposed Linnzvus's system, that the best sys- 
tem of mineralogy should be founded on external and internal 
characters combined. Among the few who ventured to pro- 
fess their obligations, at the same time, to Linnzvs and to 
CRoNSTEDT, was Baron Born, whose abilities and character, 
in addition to his distinction as one of the counsellors of mines 


* Prodromus Crystallograpbiæ, &c. and Litter@ ad Sen uzrxU u, de Crystallorum | 
Generatione. Act. Nat. Cur. Vol. IV. Append. p. 9. 

+ Nullum itaque est dubium, quin hujusmodi methodus mixta, que notis charac- 
teristicis tam extrinsecis quam intrinsecis simul combinatis, est superstructa, proxime 
ad naturalem accecens, maximam indicans s$ymmetriam, reliquis sit præferenda metho- 
dis. F. G. Warrzalus, de Systemate Mineralogico rite condendo, 5. 102. 
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1 ment of obligation to the learned who have made this progress 
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of his Imperial Majesty, obtained his n among the 
Fellows of the Royal Society. He connected the intrinsic 
and extrinsic characters of minerals, in the Index Fossilium, 
which he published in 1772. In Sweden, BRROMAN's treatise on 
the forms of crystals, published in the Upsal Transactions, in 
177g, was a more authoritative recommendation to the inves- 
tigation of the principles of crystallization; and it can be of 
little importance for me to add, that since I have possessed 
the collection of Baron Born, in 1773, I have had every con- 
firmation of the same opinion. The progress of chemistry and 
of crystallography, applied to mineralogy, has rendered the exa- | 
mination of strata, and of mines, a source of amusement as 
well as instruction; and the arrangement of interesting facts, 
in the chemistry and mechanism of nature, suits my occasional 

researches in geology, which, from variety of avocations and cir- 
cumstances, have been very much interrupted. My acknowledg- 


in science, is the best recommendation I can give to others to 
examine their works. Those whose talents and time are devoted 

to the investigation of every mineral substance, can have no 
respite to their labour; minerals, in every state of their forma- 
tion, perfection, and decomposition, as they occur in mines, 
must have their qualities immediately ascertained, and be re- 
served for profit, or thrown away on the heap. The practical 
miner could not, without external characters, make any progress. 
The valuable minerals are soon pointed out by assay, and their 
appearance remembered. The accuracy of selection depended, 
in all periods, much on the experience of the miners. It re- 
mained for Mr. WERNER to give the utmost degree of accu 
racy which irregular external characters can acquire, by fixing 
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n ens dal the characters which occur, r, and which 
the senses can discriminate. In 1774, he opened his system of 
external characters of minerals, and the perfection he has since 
given to it, has rendered it very general. The LEsK AN collec- 
tion, arranged after Mr. WE RxERs method, has procured, in Mr. 
Kirwan, a powerful support to the introduction of that system 
in this country; and we have already some other valuable pub- 
lications, to recommend and introduce other favourite systems 
of the Continent. It is, therefore, at this time the English 
mineralogist should be invited to examine, if not to prefer, per- 
manent characters, so far as the progress of crystallography has 
collected them, or at least to give them a COINS rn 135 
among external characters of bodies. vi 
If prejudice too long has retarded the union of i intrinsic and 
extrinsic characters, it has also . a bn W 
the advocates of crystallography. 
_ Rome DE L'IsLE, in the year 1772, published the first edi- 
tion of his Essay on Crystallography, which he states to be a 
supplement to LIx N Eus; and, by the assistance of a very few 
friends, he was enabled to increase the number of crystals in 
a degree to assume the appearance of a system. He told me, 
that the accuracy of his measurement of angles of minute crys- 
tals was the acquirement of great practice, but that the Count 
de Bouxxox, after a short practice, attained equal correctness, [5 
and afforded him assistance, which he acknowledges in his ad 
_ edition to have received, particularly by the discovery of 7 85 
tals in Dauphiné, Auvergne, Franche-Comté, &c. 

The Abbe Havy, an accurate and patient observer, and a 
good mathematician, considered crystallography as founded on 


certain laws, reducible to demonstration by calculation. In the 
upccxcviII. 3 I 
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beginning, the differences of Bou and Cn were not 
more pointed than those of Row” pt L'IsLEand the Abbe Hauy; 
but the progress of observation and calculation having demon- 


| nited thei mutual . 
_ tals will now rest satisfied only when calc 
tual measurement. To the Abbe Hernia ale dens letje aches 
to simplify calculation, by expressing, according to algebraical 
 formulz, the different laws which determine the modifications 
of crystals. So far as they are the result of calculation and mea- 
surement, we may admit the laws of crystallization ; for, when- 
ever the superposition, or subtraction, of simple or compound 


molecules on a nucleus, shall, by calculation, give a series of 
planes and angles, which corresponds exactly to the angles and 


planes measured on natural crystals, it will amount to no more 
nor less than a demonstration of ihe rule or ITS of 


elective attraction by figures. | 
These laws may be reduced to ample ä for 1 instance, 


the Abbe Havy, by measuring the rhombic plane of Corundum, 


found its two. diagonals to be as two to three; which gives to 


its acute angle 81” 47 100, and to its obtuse "_ ; 1s 59 3 ; 
the same as martial vitriol.* | 


The forms of fragments i in n are all acute aha | 
boids. The cosine of the little angle in Corundum is + of the 


radius; e ga I Spar, the cosine is 4 of the radius; 


tal, 1. y. 
. — the application of general 3 to ascertain constant 


» This result is extracted from the Journal de Physique ; but it appears, from the 
Journal des Mines, No. 28, that the Abbe Havr has since rectified this measure, 
and given $69 26 for the acute angle, and 93˙ 34 for the obtuse angle. 


character, after they shall have been fully verified, may be very 
simple and general. It will not require perfect crystals; for, 
when crystals separate into laminæ, which subdivide into frag- 
ments, and shew the form or arrangement of their molecules, 
it is eng. from such fragments, to connect them with their pri- 
mitive crystal, and consequently with their class. It will be 
A great step, to obtain one regular and permanent external cha- 

racter. Attention to other characters will be necessary, to as- 
certain the nature of the substance; and other external charac- 

ters, such as irregular fracture, colour, &c. must be resorted to. 
where no permanent characters exist; but from their nature 
they are fallible, and in fact are seldom conclusive. 
The progress of crystallography appearing to me of conse- 
quence to the progress of mineralogy, induced me to desire the 
Count de Bouxxox, abovementioned, one of the honourable 
victims to his allegiance to his King, to describe such crystals, : 
in my collection, as shewed the different known modifications 
of Corundum; which will develop the theory of crystalliza- 
tion, so far as is consistent with the avowed object of this 
Paper. The subject, I believe, has not hitherto been submit- 
ted to the consideration of this Society. The translation of the 
Count de BounxOx's description has been carefully made to 


preserve its clearness, and I hope it will be favourably received 


by the Society, and make some amends for my tedious intro- 
duction. 
Aſter it, I have added a NY connecting in one view the spe- 


cific gravities of Corundum, &c. herein mentioned, with those 
given by other author s. 


An nente Diveritab'of of the cbm Forms bee ena 
0 the East ound uw chu . E de Bournon. 


| FF 
prism; (Tab. XXII. fig. 1.) in general, the surface of the crys- 
tal is rough, with little lustre, owing to unfavourable circum- 
stances under which it crystallized. 
The crystals of Corundum hitherto "RIF were > not formed. in 
cavities, where, each crystal being insulated, its surface could 
preserve that smoothness and natural brilliancy which are com- 
mon to all substances that freely assume a crystalline form. 
Like the crystals of feldspar which we meet with in the porphy- 
_ Toid granites, the Corundum crystals have been enveloped, at 
the time of their crystallization, by the substance of the rock 
which was forming, at the same time with themselves, in an 
Imperfect and confused crystalline mass; and the Corundum 
crystal, before it had acquired its perfect solidity, necessarily 
received on its surface the impression of the different particles 
of the rock which enveloped them: this naturally renders the 
surface rough and dull. Crystals of feldspar found in the gra- 
nitic porphyroid rocks, exhibit the same kind of appearance, 
from the same cause. 
The Corundum crystals are in general opaque;-or at 2 
they have only an imperfect transparency at the edges: when 
broken into thin fragments, the pieces are semi- transparent: 
when held between the eye and the light, and examined with 
a powerful lens, it will be perceived that their interior texture 
is rendered dull by an infinite number of small flaws crossing 


TY i or parallel to their axes, meets with a very con- 


eachother, much endes the medullary part of wr, when 
it is viewed in the same manner. 


. — ͤ jnturntiens.nidich 
are between these flaws, is further evidence that this texture of 
small flaws occasions opacity, which augments in proportion to 

the thickness of the fragments. This kind of internal structure 
5 c feldspar in granite 
and porphyry. 
The endeavour to split these be! in a en either 


siderable resistance: they may indeed be broken in these direc- 
tions; but the rugged and irregular surface of the broken 
parts, clearly proves that the direction in which the crystalline 
laminæ have been deposited one upon — has not been 
followed. |} 5 
. ˙ ü of thenn <opoinls 3 : 

fore be considered as the form of the nucleus of the crystal; 


and consequently is not the Primitive form of the crystals of 
this substance. 


If, in order to discover the direction of the crystalline Jami- 
nz, a variety of crystals be examined, some will hardly fail to 
be met with, which, on their solid angles, formed by the junc- 
tion of the sides of the prism with the planes of the extremities, 
present small isosceles triangles. These are sometimes greater 


and sometimes smaller, and form solid angles of 122* g4/, with 


the extreme planes of the crystal. They are in some instances 
real faces of the crystal; but most frequently they evidently 
are the effect of some violence on that part. The smoothness 
and brilliancy of these small faces, in the latter case, shew that 
a piece has been detached in the natural direction of the crys- 


430 Mr. GakvLR onthe 


talline laminæ. It is indeed much less * ——— 
portion of the crystal at these angles, than at any other part; 
and, in the natural direction of the faces, with a little 
eached, and progroeinely increas the Size of the angular _ 


—— bf the cryntals, but — — 
ones at the same extremity, and in a contrary direction to each 
other. As to the other angles, they may be broken, but it is 
11 to . them. When, instead of the solid angles 
of a hexaedral prism, small triangular planes are met with, 
(which — — whether caused by violence or 
otherwise, ) 3 are „ ee in the direction above- 
mentioned. 
If, by dates this dentin of nature, we continue to 
detach the crystalline laminæ, we shall at last cause the form 
of the hexaedral prism to disappear totally, and, in place of it, 
a rhomboidal parallelopiped will be obtained, (fig. 2.) of which 
the plane angles at the rhombs will be 86 and g'; the solid 
angles at the summit“ will measure 84 g1'; and that taken at 
the re- union of the bases will be gg 297. 
We can split this parallelopiped only is in a Avection parallel 
to its faces; it will still consequently preserve the same form, 
which is that of the nucleus of this substance, and its —— 
It is, therefore, by a modification of the rhomboidal parallelo- 


For greater clearness, this rhomboidal parallelopiped may be considered as being 
formed by the junction of two triedral pyramids, base to base; and the two solid angles 
{each of which is formed by the re-union of three of the acute angles on the planes of 
the rhomb) will then be considered as the summits of these pyramids. 
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piped, (fig. 2.) that retire hae formed the regular bee 
pris (fig. 1.) which this substance presents. 

For, if we conceive, that in any ee of ths 5. 
crease of the rhomboidal parallelopiped, a series of laminæ or 
crystalline plates has been deposited on all the sides of the pa- 
rallelopiped; and that these laminæ have all undergone a pro- 
 gressive decrease of one row of crystalline molecules, at the acute 
angle which tends to form the summit, and also along the sides 
of the opposite acute angle, (fig. 3. and 4.) there will necessarily 
result from the continuation of this superposition, to a certain 
period, an hexaedral prism, terminated by two triedral pyra- 
mids, placed in a contrary direction ; and their planes or faces, 


I&+ : 


which form a solid angle of 147 26', with the sides of the 


prism, will be either pentagonal, (fig. g.) or triangular. (Fig. 4.) 


. They will also have, in place of a summit, an equilateral trian- 


gular plane, sometimes greater and sometimes smaller. 
If the superposition continues, the equilateral triangular 8 
plane | on the summit will become nonagonal, and there will 
remain no other traces of the primitive planes of the rhom- 
boidal parallelopiped, than small isosceles triangular planes : 
(fig. 5.) if the superposition still continues, until the last 
crystalline lamina is reduced to a single molecule or point, 
no appearance of the rhomboidal parallelopiped will then re- 
main; and the crystal resulting from this operation of nature 
will be a regular hexaedral prism. (Fig. 1.) 
In the same manner, viz. by a decrease on the lower « N 
of the laminæ, the primitive rhomboidal parallelopiped of = 
careous spar passes to a regular hexaedral prism of that sub- 
Stance; though more frequently it does 80 * a decrease on the 
lower angles of the laminæ. 


453 5 r 


R 
their superposition on the planes of the primitive rhomboidal 
parallelopiped, experienced a progressive decrease at one of 
rr of the other, at the same 
time, and in the same proportion, it is easy to conceive that 
the height of the hexaedral eee eee 
the rhomboidal parallelopiped, upon which it has been formed. 
The height BC (fig. 1.) must therefore bear the same propor- 
tion to the line AB, drawn through the middle of the two op- 
posite sides of the planes on the extremities, as the whole 
height EF, of the rhomboidal parallelopiped, (fig. 2.) bears to 
the small diagonal GH, from one of the rhombs; that is, 
W as 6,45 : 5. 
But, although this exact proportion appears in a a very 2 
number of Corundum crystals, yet we meet with some whose 
lengths are more or less considerable; and this is owing to 
different circumstances which have existed at the time of their 
erystallization. We may conceive, for instance, that if, before 
the progressive decrease of the crystalline laminæ, in the man- 
ner abovementioned, the increase of the rhomboidal paralle- 
lopiped had taken place by a superposition of laminæ, in 
which the rows of crystalline molecules experienced a pro- 
gressive decreage along the edges of the acute angle of the 
base only, (fig. 6.) and that (the sides of the prism having al- 
ready acquired a certain length) the succeeding crystalline 
lamin had experienced a decrease at the acute angle of the 
summit, the same regular hexaedral prism would have resulted 
from this process; but the proportion between the height and 
the line drawn from two of the opposite sides of the planes on 
the extremities, would have been much greater than that of 
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6,45: 5; and, consequently, this prism would have been longer 
than that of the rhomboidal PN which served as its 


nucleus. 


7 "Obie Uh mn u in de ha rhomboidyl 3 
5 lelopiped had taken place by a superposition of crystalline 
laminæ, decreasing at the acute angle of the summit, and, 
some time after, decreasing also along the sides of the acute 
angle of the base, (fig. 7.) the regular hexaedral prism resulting 
from this process would have been shorter, in proportion to the 
duration of the mode of decrease in the crystalline laminæ 
which were first deposited. There are some of the hexaedral 
prisms, in Corundum crystals, which are so short, that they 
appear no more than segments. Calcareous spar offers the 
same phenomenon; as do likewise all the substances in which 
the hexaedral prism has any 6 with that 
which we have here described. Ta 
It happens frequently, when the 1 of the 2 
line De dare not go on equally on all the. faces of the 
rhomboidal parallelopiped, that one or two only of the solid 
angles of the hexaedral prism, taken alternately, still shew, by 
small isosceles triangular planes, some remains of the faces of 
the parallelopiped, while the others do not shew any at all. 
Mr. GREVILLE, in his collection of this substance, has a 
crystal of Corundum, upon one side of which, only two of the 
planes of the rhomb have experienced an equal and perfect 
super position, while there has been but a very small number 
of crystalline laminæ deposited on the third plane. Conse- 
quently, this crystal presents a regular hexaedral prism, one of 
whose solid angles is so much truncated, that the half of the 
plane of the end of the hexaedral prism disappears; ; (fig. 8.) 
 MDCCXCVIII. BE 
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and this elt Wee dies 10 of 1240 38 with the 
It is unnecessary to ig It that the regularity of the 
 betaedral prism, depends on that of Ul peer pf N e 
piped on which it is formed! ö | 
When, by detaching the mme! from a 3 Solid 
_ Highs of the regular hexaedral prism, the planes resulting from 
this operation begin to run into one another, and the crystal 
begins to assume the form of the rhomboidal parallelopiped to 
which it owes its origin, we frequently see the surface of these 
new planes divided into an immense number of small rhombs, 
formed thereon by the intersection of lines that are parallel to 
the sides, end F to K 10 n of [Ys mow | 
5 These neh are N to Dy exttemaithla of the kobins which 9 
have been deposited on the inferior faces, corresponding with 
those on which we observe them; and they serve to corro- 
borate still farther, the demonstration we have given of the 
formation of the regular hexaedral prism in this substance. f 
We frequently see small rhombs traced on the surface of 
* planes, on the ends of the hexaedral prism. (Fig. 10.) This, 
no doubt, is occasioned also by the intersection of the laminæ, 
on the planes of the primitive rhomboidal parallelopiped. But 
these rhombs, formed by the re- union of lines that join in angles 
of 60? and 1207, instead of 86* and 947, (like those we have 
seen traced on the faces which correspond with those of the 
rhomboidal parallelopiped, ) form angles of 60 and 120%. It 
would therefore be an error to consider them as indications of 
the form of the elements of crystallization, as we are tempted 
to do from a simple inspection of the crystal. These same lines 


P 1 : 
- 
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„ as may been 
fig. 1 
-" Meat hana onthe e whted ovate: 
times project a little over the planes on the ends of the prism, 
must now be obvious. If, during the superposition of the crys- 
talline laminæ on all the planes of the rhomboidal parallelo- 
piped, it has happened, from any cause whatever, that the la- 
minæ deposited on the three faces of the same summit, have 
not fallen exactly on those which preceded them, or that they 
have experienced some deviation, or have not had the same 
decrease as all the others, at the angle of 80, these triangles 
must necessarily occur; in the same manner it must be ob- 
vious, why these small equilateral triangular prejoctings are 
frequently placed on one of the sides of the crystal. 
The primitive form . cs ini 
rhomboidal parallelopiped, whose solid angle at the summit is 
84 g1', nne 
65. 8. * 
The niſin laminæ are rhombs of gb and 94*: meet in 
my opinion, are double crystalline molecules; the single mole- 
cules I apprehend to be isosceles triangles, of 86 at the —_— 
of the I Ear" at those of the base. 


1 2 bathe La PO ERA PIE 
to finish it, give the result of my observations, and my own opinion on this interesting 
part of mineralogy. I shall only observe here, that although double molecules, square 
and rhomboidal, are frequently formed in the process of crystallization, yet the real 
form of the crystalline molecules seems to be triangular, By observing the pro- 

| grees of the rhomboida! parallelogiped, in its h to the form of an honnedial 
prism, (fig. 4. and 5.) and by considering the prism terminated, it seems evident, that 

8 last lamina which had been deposited, after the progressive decrease in the rows 
of crystalline molecules to one single molecule, must nececearity have been triangular. 


3K 2 
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Although the rhomboidal parallelopiped of 86 and 94 is 
the primitive form of the Corundum crystal, yet it is rare to 
meet with that substance under this perfect and determined 
form; and, in most mineral substances, it is more rare to meet 
widvtheir primitive crystals than their different modifications. 
Amongst Mr. GztvitLie's numerous speci | am, 
1 have mer with only one which hu this price form, and it 
COT WO POR 00 bus agents 
The Corundum crystal presents ee ene under 
1 which the regular hexaedral prism, instead of having three al- 
ternate solid angles at each of its ends, (on which solid angles 
are placed isosceles triangular planes, forming a solid angle of 
122* 347, with the planes at the extremities upon which they 
are inclined,) has also its angles supplied by isosceles triangu- 
lar planes; but these planes, instead of 122˙ 347, form solid 
angles of 160 42%, with the said planes on the extremities. 
(See fig. 11. and 12.) These new planes, which constitute a 
new modification of the primitive form of Corundum, are the 
result of a different order in the decrease of the laminz; which, 
in the primitive form, are deposited on the planes of its pri- 
mitive rhomboid by single rows of crystalline molecules, and 
increase the planes which terminate the hexaedron: whereas, 
in this second modification, the decrease of molecules is by two 
rows, which gives a more obtuse inclination, and forms new 
planes. The surface is usually striated, parallel to the sides of 
the planes which terminate this crystal; an appearance always 
announcing imperfection in the crystallization, arising either 
from a change in the order of decrease or increase, or from a less 
perfect union of the crystalline laminæ. A section would show 
gradual risings or steps, as appears in fig. 14. which is a section 


of fig. 13. in the line ADB. These strie are not to be con- 
founded with those in numberless substances, as in tourmalines, 
mode of decrease in the crystalline laminæ, will represent one 
or other of the varieties shewn in fig. 11, 12, and 1g, according 
to the period when such decrease has begun in the of 
the crystallization; and, if it has begun very late, the new 
faces will only be small, nay almost imperceptible, isosceles 
triangles, forming solid angles of 160˙ 4a, with the planes of 
the extremities of the prism, as in lg. 5:; the measure of the 
1 however must be excepted. a 
—— of decreace had 8 with the bt 
crystalline laminæ which were deposited on the primitive 
rhomboidal parallelopiped, the hexaedral prism resulting there- 
from would have been terminated by two very obtuse triedral 
my whose planes would have been rhombs; and they 
would have been placed in a contrary direction to each other, 
as may be seen in fig. 12, ky che devind: lines, 1 have not met 
with this variety, but its existence may be suppose. 
It happens sometimes, that the crystallization has not been 
50 perfect as to destroy every appearance of the faces of the 
primitive rhomboidal parallelopiped; in this case, there remains, 
on the solid angle of 112*, formed by the junction of the new 
faces with the edges of the prism, a small isosceles triangle, 
as in fig. 13, which corresponds to those in fig. * of the peo- 
ceding modification. 
The crystals which explained the second modification, form 
also a part of Mr. GREviLLE's collection: one, in particular, is 
highly worthy of notice; it is the most perfect crystal I have 


cap forms angles of about 1205, with the planes of the 
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ever seen of this substance. The surface of the faces of the 
prism, although rough, is infinitely less 80 than that of the 
others, and much more brilliant. The planes on the ends have 
the usual polish of crystals; mn 
This substance rl 
— prism diminishes in diameter, as is apparent by com- 
paring the diameters of its two ends; in some, it appears like a 
regular hexaedral pyramid truncated. (Fig. 15.) The crystals 
of this modification. are usually irregular, and seldom admit of a 
certain measure of their angles; but, among the numerous 
specimens in Mr. GREVILLE's collection, I have been able to 
ascertain, in the greater part, that the hexagonal plane at the 


en bee forme angles of ahout, 78, 5 


with the planes of the pyramid; In other instances, the form of 


the pyramid varies greatly; in some, the angle at the upper 
plane was 1107, and the angle at the base about 70; in others, 
the angle at n about e U Af 
the lower plane about 8. 

In these three varieties, n e 1 
2 as in the hexagonal prism, at the three solid alternate 
angles of each end, but in a contrary direction to each other. 
The planes which appear when the laminæ are detached re- 
gularly, form solid angles of 22 34“, with the planes of the ex- 
| tremity : this arrangement is analogous to. that of the hexae- 
dral prism. The difference of form arises from the crystalline 
laminæ deposited on the planes of the primitive rhomboid, 
decreasing by more than one row of molecules, on the planes 
of one of the triedral pyramids of the rhomboid, and by less 


* —_——— its, 23 This general 
observation, on the manner in which this primitive crystal of Co- 
rundum passes to the different varieties just mentioned, is the 
only one I have established with any great degree of certainty 
at present. Specimens with perfect crystals, whose angles may 
be measured with accuracy, will probably arrive from India, 
and give further demonstration, as to these and other varieties 
of modifications of Corundum. We may conceive, that if, in 
this modification, the crystallization had „ 
tire formation of the crystal, there would have remained $1 
ae ce. 


edges of the truncated pyramid. These isosceles triangular ; 


planes resemble those we have seen in the first modification; 


(fig. 4. and 5.) and form, in the same manner, solid angles of 
122 34', with the planes on the ends of the prism. (Fig. 16.) 
nnn n the formation of the crystal, i in this modi- 
fication, it should happen that the laminæ deposited on the 
three planes of the rhomboidal parallelopiped, on the side 
| where they undergo a greater decrease, do not undergo the 
decrease of one row of molecules at the acute angle of the sum 
mit, the crystal will be a real hexaedral pyramid, (fig 17.) 
whose acute angle at the summit, measured on the sides, will 
de nearly 24, in one of the varieties; 30 for the most obtuse; 
and 20* for the most acute variety: the angle of their triangu- 
lar planes, in the first instance, 13 41'; in the second, 22* 200; 
and 11 28˙ in the third. I have not seen any perfect pyramids; 
but, in many, the hexagonal plane terminating the pyramid is 
80 small, that it renders its total suppression probable. 


formed by the junction of the planes on the ends, wich the 


. Fs Nr. GrevilLE on the 


This decrease necessarily produces a single pyramid, as 
— — nevertheless, there are instances of crystals of 
Corundum, belonging to the variety where the terminal planes 
make, with the planes of the pyramid, a solid angle of about 
1000, in which, two pyramids of the same dimensions, having 
328— replaced — * plane, —— 

ae observed, among ab ee we 

riety abovementioned, in Mr. GrEviLLE's collection, an instance 

of the decrease taking place by several rows, on one three-sided 
pyramid of the primitive rhomboid, and by single rows on the 
other. Consequently, the crystal is a short regular hexaedral 
prism, terminating on one end only by an hexaedral pyramid; 
the planes of which, as well as of the prism, are alternately 
broad and narrow, and almost perfect ; its apex being IP 
dy a very small plane. 

I shall conclude, by mentioning a variety of Corundum, 25 
scribed by the Abbe Havy, in the Journal des Mines, No. 28; in 
which, the edges of the terminal planes of the hexaedral prism 

are replaced by planes which form an angle of 116 g1', with 

the terminal planes; but, in the numerous collection of Mr. 

GREVILLE, I have not seen this variety. One crystal had an 

appearance of such planes; but, on examination, it was clearly 

accidental. The authority of the Abbe Havy, in crystallogra- 
phy, is so great, that the existence of such modification ought 
not to be denied, without further examination; though I cannot 
in this instance adopt it: he derives this variety, which he 
calls subpyramidal, from a decrease of three rows of molecules, 

at the angles of the base of the two pyramids of the primitive 
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rhomboid; and he seems to attribute the same formation to the 
. CNN CPIEAEIIES he supposes may 
exist. 


The pricaitive cryrtals, desen eee us iet 
of [Gornmdions, are from the Peninsula of India. The third 
modification, or the pyramidal variety, is from China; nothing 
approaching this form being among the specimens which Mr. 
 GRrEviLLe received from the Peninsula of India. 
The preceding observations, and particularly the last men- 
tioned modification of Corundum, compared with the best de- 
scriptions of the sapphire, suggest the further examination of 
the mp of nnn if not of identity, of these Oriental 
stones. 
In both, the hexaedral pm are — nb in 


gree in which the solid angles of the pyramid 6 
plete) vary, in Corundum, to be from a0 to go". 
Romwe' DE L'IsLE states, that the sapphire varies from 20* 
to go. The Abbe Haur (Journal de Physique, Aug. 179g.) 
- mentions two varieties of the sapphire, one measuring at the so- 
| lid angle of the pyramid 40* 6', the other 37 24“. I never saw 
a sapphire with so obtuse an angle as the last; but many, 
whose angle at the top, if the pyramid had been complete, 
would have been the same as that of the Corundum. Besides 
the analogy between the crystals of Corundum and the sap- 
phire, by the union of two hexaedral pyramids at their base, it 
also exists by the measure of their angles; and both substances 
are Subject to the same irregularity, sometimes appearing as 


a single hexaedral pyramid, and sometimes as an hexaedral 
MDCCXCV111. 


their apex, and they vary in acuteness. I have stated the de- 
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; moreover, the sapphire sometimes has on its solid 
angles, alternately, the same triangular planes, (fig. 5.) and 
also the prominent triangles on the planes of the extremities, 
(fig. 10.) which often appear in the crystals of Corundum. 
The Abbe Havy, in the Journal de Physique, August, 179g. 
names this variety, Orientale Enneagone, which is represented 
in the annexed Plate, (fig. 18.) and says, that the small triangu- 
lar planes make, with the terminal planes, an angle of 122 18'; 
and, in the description of the same triangular planes in the 
Corundum, (fig. 16.) it appears, that these planes are the re- 
mains of the planes of the primitive rhomboid, and form, with 
the terminal planes, an angle of 122" 34. 
Perhaps the rhomboidal crystal, which Rome' DE SLE had 
given as one of the forms of the sapphire, should be restored 
to it. He had examined it at M. Jacquemin's, jeweller to the 
crown, (Cristallograpbie, 1. edit. p. 221.) and he suppressed it 
in his second edition, but often expressed to me his regret in 
having made the alteration. I have before me a letter from 
that celebrated naturalist, dated September, 1784,“ in which he 
inclosed, for my opinion, a copy of a letter he had received from 
Mr. WERNER, with models of some crystals; among them, two 
called by him rubies; one a rhomboid, of which the angles of 
the summit are substituted by planes, (fig. 19.) the other is 
precisely the same as fig. 3, 4, and 5, of the annexed Plate. 
The following is a translation of Rowe! DE LIsLE's words: 
« The first of these rubies has exactly the same form as I have 
represented in Plate IV. fig. 60. of my Cristallograpbie, viz. 

A letter to the same effect was written to M. La —— and published i in 

the Journal de Physique, May, 1787. | 
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© a rhomboidal parallelopiped, truncated at each of its obtuee 
angles, by an equilateral triangular plane. 2 
Mou will e if you 
suppose the crystal represented in Plate IV. fig. 87. truncated 
at each of the summits of its pyramids, by an equilateral tri- 
angular plane, as in the preceding modification, but deeper 
_ « and in so great a degree, that the three rhombic planes of each 
« pyramid disappear, with the exception of three isosceles tri- 
« angles; this modification differs from the first, only by the 
eee eee truncature at the summits of 
« the pyramids. 

It is therefore uk thatif the s add of Corun- 
dum decreased only at the superior angles of its laminæ, it would 
exhibit exactly the first of these varieties of Mr. WERNER'S 
ruby, as in the annexed fig. 19. 

As to the second variety of Mr. Wann 8 ; ruby, it is 2 
clear, if in fig. 87, referred to by Rome' DE L' ISLE, (represented 
by the annexed fig. 20.) no more of the pyramid was left than 
the three small triangles b, a, c, there would be precisely one 
of the forms of Corundum beſore described, to which the an- 
nexed figure 5 SS: 
It may perhaps be objected, that the laminæ appear to be 
parallel to the terminal planes, in the sapphire, and inclined, in 
the Corundum. There are crystals of Corundum, in which, very 

frequently, the laminæ appear parallel to the terminal plane; 

I was at first, and for some time, deceived by that appearance. 

In other Corundum crystals, the laminæ appear to be parallel to 

the prismatic planes; and, to conclude the instances of analogy, 

the superposition of rhomboidal lamine is sometimes observable 
3L2 
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in Oriental rubies and sapphires. It was by this appearance, Mr. 
GREVILLE was led to try the effect of cutting the foremen- 
tioned stones en cabochon; whereby a similar effect of triple 
reflection, which formed stars of six rays from a common 


Ns, v4 Nr eee and 


* 


It is wk deaths Mr. WERNER did not send, with 


his models, the specific gravity of each of the rubies, and the 


we should then have had data to de- 
cide, whether the rubies sent by Mr. WERNER were, as I sup- 
pose them to be, Oriental rubies, or sapphires; and, with equal 
certainty, whether the parallelopipedal rhomboid corresponds 
precisely with that of the Corundum; by this, the perfect iden- 
tity, or analogy, between the Corundum and the sapphire, would 
have been no longer doubtful. 
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Table of the specific Gravity of the Corundum, Sapphire, 
er Ruby, and Diamond. on n Authorities. 


abi 1 


Hatchett and Greville _ Matrix of Corundum. Cs 
H. and G. Lump of Corundum. Coast. 
Klaproth ow 4 | 755 
Klaproth - 
Blumenbach — 
Brisson — 7 
Hatchett and Greville 3,876 * Corone. Bengal. 

Lichtenberg - 3,908 

Grows —- = $985 „„ . 

| Hatchett and Greville 9,950 Crystal of Corundum. Coast. 
H. and G. - 3.954 Ditto with vitreous cross 

ERGo - aa» © n Coast. 

H. and G. 3939 Chatoyant. China. 

H. and G. = 3.962 Crystal. China. 

EKlaprotʒůh — 4,180 ; 


Sapphire. 
- $3,130 Brasilian; probably a topaz. 
1 
3, 800 
3,940 
9.950 
3.974 


3-991 f 


ch 
Hatchett and Greville 4,000 Þ 
Werner — 


Blumenbach 


| 4010+ 


AS. 4,076 
Hatchet and Greville 4,08g+ 
Muschenbroeck - | 
BZBlumenbach 4.100 
La Metherie 


Quist 8 


4200 


1 


3.99 T1 


3,994 Blue. = | 


4,00 


Hatchett and ile 4,035 


4.090 F 


4,200 


White Oriental. 


* Greyish star-stone. 


Blue star-stone. 


From — 


Crimson. 
Pale blue cryotal. 


Yellow. 


Per. 


2 "5h 690 
3 3, 460 
Wl 3-404 

3,500 

2 
: 3631 
* 3.536 
* 3,540 
1 3,548 

- $556 
3-594 

— 4.010 

- 4,560 + 


Siberia. 


Light blue. Brazil. 


Eibenstocker. 


Red. Brazil. 


Dark yellow. Brazil. 


Dark yellow. Brazil. 
Oriental. 


Schneckensteiner. 
Schneckensteiner. 


Oriental. - 


Bergman — 3,180 
Muschenbroeck 3, 180 
Quist- — | — 3,400 
Blumenbach — $3,454 
r 3,531 


Klaproth a 3.570 


Hatchett and Greville g, 871 


H. and G. 3.623 
Blumenbach 3,645 
Blumenbach 3, 760 
Brisson = 8,760 
| Hatchett and Greville 4,166 


a - oa 
Bergman - | 4,240t 


Spinel. | 


Ceylon. 
Brazil. 


* Macle of octoedral crystal. 


* Salam ruby. Star-stone. 


* 


Hatchett and Greville 3,356 Perfect crystal. 


Wallerius * 3.400 


Hatchett and Greville 3,471 5 
Cronstedt 3, 300 


Muschenbroeck 3, 318 
La Metherie - 3,520 
_ Brisson -» - $3,521 
Werner £7 g,600 


Aggregate crystal. 
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The mark * distinguishes the specimens in my collection, to 
which I have referred in the foregoing Paper. 
The mark + distinguishes' the stones which, from their 
specific gravity, I think belong to the genus of Corundum. - 
| The generic name Corundum, I am in the habit of ging 
to those sorts which have a sparry or a granulated fracture. 
When Corundum has a vitreous cross fracture, I call it ap- 
phire; and distinguish its varieties by their colours, white, red, 
blue, yellow, green; and by the accidental reflection of light 
from their laminæ: when in one direction, I call the sap- 
phire chatoyant ; when the reflection is compounded of rays 
which intersect each other, and appear to diverge from a com- 
mon 2 — red, blue, or greyish 
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XX. An Inquiry concerning the chemical Properties that have 
been attributed to Light. By Benjamin Count of Rumford, 
F. R. S. M. R. I. A. my 4 


Read June 14, 1798. 


In the Second Part of my Seventh Essay, (on the propagation 
of heat in fluids,) I have mentioned the reasons which had in- 
_ duced me to doubt of the existence of those chemical properties 
in light that have been attributed to it, and to conclude, that all 
those visible changes produced in bodies by exposure to the ac- 
tion of the sun's rays, are effected, not by any chemical combi- 
nation of the matter of light with such bodies, but merely by 
the heat which is generated, or excited, by the light that is ab- 
ONS . 
As the decision of this question is a matter of great impor- 
tance to the advancement of science, and particularly to che- 
mistry, and as the subject is in many respects curious and 
interesting, it has often employed my thoughts in my leisure 
hours; and I have spent much time in endeavouring to con- 
trive experiments, from the unequivocal results of which the 
truth might be made to appear. Though I have not been s0 
successful in these investigations as I could wish, yet I cannot 
help flattering myself, that an account of the results of some 
of my late experiments will be thought sufficiently interesting 
to merit the attention of the Royal Society. 
MDCCXCVIII. 3 MN 
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Having found that gold, or silver, might be melted by the 
heat (invisible to the sight) which exists in the air, at the dis- 
tance of more than an inch above the point of the flame of a 


wax - candle, (see my Seventh Essay, Part II. page 350.) I 


was curious to know what effect this heat would * on 


the oxides of those metals. 


Experiment No. 1. Having evaporated to dryness a solution 
of fine gold in aqua regia, I dissolved the residuum, in just as 


much distilled water as was necessary in order that the solution 
(which was of a beautiful yellow colour) might not be disposed 


to crystallize; and, wetting the middle of a piece of white 
taffeta riband, 14 inch wide, and about eight inches long, in 
this solution, L held the riband, with both my hands, stretched 


horizontally: over the clear bright flame of a wax candle; the 
under side of the riband being kept at the distance of about 


14 inch above the point of the flame. The result of this expe- 


riment was very striking. That part of the riband which, 


was directly over the point of the flame, began almost imme- 
diately to emit steam in dense clouds; and, in about 10 seconds, 


a cireular spot, about 2; of an inch in diameter, having become 


nearly dry, a spot of a very fine purple colour, approaching to 
arimson, suddenly made its appearance in the middle of it, 


and, spreading rapidly on all sides, became, in one or two se- 


conds more, nearly an inch in diamete. 
By moving the riband, so as to bring, in chair nin: all the 
parts of it which had been wetted with the solution to be ex- 
posed to the action of the current of hot vapour that arose from 
the burning candle, all those parts which had: been so wetted, 
were tinged with the same beautiful purple colour. 
This colour, which was uncommonly brilliant, pen quite 
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through the riband, and I found the stain to be perfectly in- 
delible. I endeavoured to wash it out; but nothing I applied 


to it, and among other things I tried super-oxygenated marine 
acid, appeared in the smallest degree to diminish its lustre. 
The hue was not uniform, but varied from a light crimson to 


a very deep purple, approaching to à reddish brown. 
I searched, but in vain, for traces of revived gold, in its re- 


guline form and colour ; but, though I could not perceive that 
the riband was gilded, it had all the appearance of being co- 


vered with a thin coating of the most beautiful purple enamel, 
which, in 


times quite dazzling. 


wetted with the aqueous solution of the oxide, was carefully 


dried in a dark closet, and was then exposed, dry, over the 


flame of a burning wax candle. The part of the riband which 


had been wetted with the solution, (and which on drying had 


acquired a faint yellow colour, ) was tinged of the same bright 


heat. 


wetted with the solution, and dried in the dark, was now wetted 


with distilled water, and exposed wet to the action of the asoend - 


ing current of hot vapour which arose from the burning candle: 


the purple stain was produced as before, which extended as far 5 


* We shall hereafter find reason to conclude, that the success of this experiment, or 
the appearance of the purple tinge, was owing to the watery vapour which existed 1 in 
the hot current that ascended from the flame of the candle. | 


3M 2 


the sun, had a degree of * that was some - 


Experiment No. 2. A piece of tha riband which had die 


purple colour as was produced in the last- mentioned experi- 
ment, when the riband was exposed wet to the action of the | 


Experiment No. g. A piece of the riband which had been 


— ͤ 


d bs ritand bea ben ered vic de Sites, but 9 
farther. ' | 


1 afterwards varied this experiment in several ways, some- 


times using paper, sometimes fine linen, and sometimes fine 
cotton cloths, instead of the silk riband; but nearly the 
same tinge was produced, whatever the substance was that 
was made to imbibe the aqueous Solution of the metallic 
oxide. 
Similar experiments, and with similar results, were likewise 
made with pieces of riband, fine linen, cotton, paper, &c. 
wetted in an aqueous solution of nitrate of silver; with this 
difference, however, that the tinge produced by this metallic 
oxide, instead of being of a deep purple, inclining to crimson, 
was of a very dark . . or rather of a yellowish 
| brown. 
In order to discover whether he ad tinge, in the expe- 
riments with the oxide of gold, was occasioned by the beat 
conimunicated by the ascending current of hot vapour, or 
by the ligbt of the candle, I'made the following experiment, 
the result of which, I conceive to have been decisive. . 
Experiment No. 4, A piece of riband was wetted with the 
aqueous solution of the oxide of gold, and held vertically by 
the side of the clear flame of a burning wax candle, at the 
distance of less than half an inch from the flame. 
The riband was dried, but its colour was not in the smallest 
degree changed. 
When it was held a few seconds within about 3 of an inch 
of the flame, a tinge of a most beautiful crimson colour, in the 
form of a narrow vertical stripe, was produced. 
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The heat which existed at that distance from the flame, on 
the side of it, where this coloured stripe was produced, was suf- 
ficiently intense, as I found by experiment, to melt very fine 
silver wire, flatted, such as is used in making silver lace. 


too evident to require any particular explanation. 
Experiment No. 5. Two like pieces of riband were wetted 


at the same time in the solution, and suspended, while wet, in 
two thin phials, A and B, of very transparent and colourless 


glass; the mouths of the phials being left open. Both these 


phials were placed in a window which fronted the south; that 


distinguished by the letter A being exposed naked to the direct 


rays of a bright sun; while B was inclosed in a cylinder of paste- 


board, painted black within and without, and closed with a fit 
cover, and consequently remained in perfect darkness. 
In a very few minutes, the riband in the phial A began Sen- 


| sibly to change its colour, and to take a purple hue; and, at 
the end of five hours, it had acquired a deep crimson tint 


throughout. 
The phial B was 8 in the . in its dark eylin- 


drical cover, three days; but there was not the smallest appear- 
ance of any change of colour in the silk. 


made to lie on a shilling,) were placed in heaps, in two China 
plates, A and B, and thoroughly moistened with the before- 


mentioned aqueous solution of the oxide of gold. Both 


plates were placed in the same window ; the moistened earth 
in the plate A being exposed naked to the sun's rays; while 


The objects I had in view in the following expuriagents, © are 


Experiment No. 6. Two small parcels of magnesia alba, in | 
an impalpable powder, (about half as much in each as could be 


* 
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that in the plate B was exactly. covered with 8 ern. turned 
upside down, which excluded all light. | 

The magnesia alba in the plate A, which Was . to the 
strong light of the gun, began almost immediately to change 
colour, taking a faint violet hue, which by degrees became 
more and more intense, and in a few hours ended in a deep 
purple; while that in the plate , which was kept in the dark, 
retained the yellowish cast it had acquired from the solution, 
without the smallest appearance of change. 
Experiment No. 7. A small parcel of magnesia 4 placed 

on a china plate, having been moistened with the aqueous solu- 
tion of the oxide of gold, and thoroughly dried in a dark closet, 
was now exposed, in this dry State, to the action of the rect : 
rays of a very bright sun. 
It had been exposed to this Strong » Hah ow half a an Ja 
before its colour began to be Sensibly changed; and, at the end 
of three hours, it had acquired only a very faint violet hue. / 
Being now thoroughly wetted with distilled water, it changed 
colour very rapidly, and soon came to be of a * purpie tint, 
approaching to crimson. 

Experiment No. 8. A piece of ak taffeta riband, which 
had been wetted with the solution, and thoroughly dried in the 
dark, was suspended in a clean dry phial of very fine trans- 
parent glass; and the phial, being well stopped with a dry cork, 
was exposed to the strong light of a bright un. 

After the riband had been exposed, in this manner, to the 
action of the sun's direct rays about half an hour, there were 
here and there some faint appearances of a change of its colour; 
but it showed no disposition to take that deep purple hue which 
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the riband had always acquired, when bal er een in 
the preceding experiments. | 

On taking the riband out of the hal and wetting it tho- 
3 with distilled water, and exposing it again, while thus 
wetted, to the sun's rays, it almost instantly began to change 
colour, and soon became of a deep purple tint; but, though I 
examined the surface of the riband with the utmost care, and 
with a good lens, both during the experiment and after it, I 
could not perceive the smallest particle of revived gold, nor did 
see any vestige remaining that . to indicate that any 
had in fact been revived. 

This experiment was repeated neat times, and always with 
results which led me to conclude, (what indeed was reasonable 
to expect,) that light has little effect in changing the colour of 
metallic oxides, as long as they are in a state of crystallization. 

The heat which is generated by the absorption of the rays of 
light must necessarily, at the moment of its generation at least, 
exist in almost infinitely small spaces; and consequently, it is 
only in bodies that are inconceivably small that it can produce 
durable effects, in any degree indicative of its extreme intensity. 

Perhaps the particles of the oxide of gold dissolved in water, 
are of such dimensions; and it is very remarkable, that the co- 
lours produced, in some of my experiments on white ribands, 
by means of an aqueous solution of the oxide of gold, are pre- 
cisely the same as are produced from the oxide of that metal, by 
enamellers, in the intense heat of their furnaces. | 

As the colouring substance is the same, and as the colours 
produced are the same, why should we not conclude that the 
effects are produced in both these cases by the same means, 
that is to say, by the agency of heat? or, in other words, and 
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to be more explicit, by exposing the oxide in a certain tempe- 
rature, at which it becomes disposed to vitrify, or to undergo 
a change in regard to the quantity of oxygen with which it is 
combined? 
But the results of the following experiments ; afed still 
more satisfactory information, respecting the intensity of the 
heat generated in all cases where light is absorbed, and the 
striking effects which, under certain circumstances, it is ca- 
pable of producing. ; 
The facility with which most of the metallic oxides are re- 
duced, in the dry way, by means of charcoal, shows that, at a 


certain (high) temperature, oxygen is disposed to quit those 


be in order to form a chemical union with the charcoal, 
or at least with some one of its constituent principles, if it be 
E a substance; and hence I concluded, that gold might 

be revived, in the moist way, by means of charcoal, from a solu- 

tion of its oxide in water, were it possible, under such circum- 
Stances, to communicate to the charcoal, and to the oxide, at 

the same time, a degree of heat sufficient for that purpose. 
Io see if this might not be done by means of light, I made, 
or rather repeated, the following very interesting experiment. 
Experiment No. g. Into a thin tube of very fine colourless 
glass, 10 inches long, and 16 of an inch in diameter, closed 


hermetically at its lower end, I put as many pieces of charcoal, 


about the size of large peas, as filled the tube to the height of 
two inches; and, having poured on them as much of the aqueous 
solution of nitro-muriate of gold as nearly covered them, ex- 
posed the tube, with its contents, to the action of the direct rays 
of a very bright sun. 

In less than half an hour, small ati of revived gold, in all 
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its metallic splendour, began to. make their appearance here 
and there on the surface of the charcoal; and, in six hours, the 
solution, which at first was of a bright yellow colour, became 
perfectly colourless, AND AS CLEAR AND TRANSPARENT AS THE 
PUREST WATER. 

The surface of the charcoal was, in \ w_ logs, e 
covered with small particles of revived gold; and the inside 
of the glass tube, in that part where it was in contact with the 
upper surface of the . liquid, was most beautifully 
Sides. 
This gilding of the tube was very aplenitis, whos viewed by 
reflected light ; but, when the tube was placed between the 
light and the eye, it appeared like a thin cloud, of a greenish 
blue colour, without the smallest appearance of any metallic 
splendour. 
From the colour, * apparent density of this cloud, I was 
induced to conclude, that the gilding on the glass was less than 
one millionth part of an inch in thickness. 

This interesting experiment was repeated six times, and al- 
ways with nearly the same result. The gold was completely 
yevived in each of them, and the solution left perfectly colour- 
less; in most of the experiments, however, the sides of the 
glass were not gilded, all the revived gold remaining attached 
to the surface of the charcoal. : 7 
In two of these experiments, I made use of pieces of charcoal 
which had been previously boiled several hours in a large quan- 
tity of distilled water, and which were introduced wet, and bot, 
into the tube, and immediately covered by the solution, to 
prevent them from imbibing any air; and, in different experi- 
ments, the solution was used of different degrees of strength. 
MDCCXCVL11. 3N 


I 1 plainly perceived that the experiment succeeded best, that 
is to say, that the gold was soonest revived, in those cases in 
which the solution was most diluted : one of the experiments, 
however, and which succeeded perfectly, was made with the 
solution so much condensed, that it was nearly at the * at 
which it became disposed to crystallize.“ 

On examining, with a good microscope, the particles of 
revived gold which remained attached to the surface of the 
charcoal, after it had been dried, I found them to consist of 
an infinite number of small scales, separated from each other; 
not very highly polished, but possessing the true wetallie 
splendour, and a very deep and rich gold colour. 
The gold which attached itself to the inside of the glass 
tube, was in the form of a ring, about 25 of an inch wide, 
(badly defined however below,) and adhered to the glass 
with so much obstinacy, as not to be removed by rincing out 
the tube a great number of times with water; it had, as has 


already been observed. a "wy high polish, when seen by re- 
lected light. b 


Those who enter into the spirit of these inventigations, will 
easily imagine how impatient I must have been, after seeing 
the results of these experiments, to' find out whether gold 
could be revived from this aqueous solution of its oxide by 
means of charcoal, without the assistance of light, and merely by 
such a degree of equal heat as could be given to it in the dark. 
To determine that important question, the omg experi- 
ment was made. 
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* This agrees perfectly with the results of similar experiments made by the inge- 

_ nious and lively Mrs. FuLnaues. (See her Essay on Combustion, page 124.) 
It was on reading her book, that I was induced to engage in these inv2stigations ; and 

it was by her experiments, that most of the foregoing experiments were suggested. 
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Experiment No. 10. A cylindrical glass tube, £ of an inch 
in diameter, and 10 inches long, closed hermetically at its lower 
end, and containing a quantity of a diluted aqueous solution of 
the oxide of gold, mixed with charcoal in broken pieces, about 


the size of large peas, was put into a fit cylindrical tin case, 


which was nicely closed with a fit cover; and the glass tube, 

with its contents, so shut up in the dark, was exposed two 

hours, in the temperature of 2 10 of FARRENHEIT's scale. 
On taking the glass tube out of its tin case, I ſound the solu- 


tion perfectly colourless, and the revived gold * to the 


surface of the charcoal. 


gold adhering to the surface of the charcoal. 


I own fairly, that the results of these experiments were quite 
contrary to my expectations, and that I am not able to recon- 
cile them with my hypothesis, respecting the causes of the re- 
duction of the oxide, in the foregoing experinſents; but, what- 


ever may be the fate of this, or of any other hypothesis of 
mine, I hope and trust that I never shall be so weak as to feel 


pain at the discovery of truth, however contrary it may be to 
my expectations; and still less, to feel a secret wish to suppress 
experiments, merely because their results militate against my 


speculative opinions. 


It is proper I should observe, that the charcoal used in 
this last- mentioned experiment had been boiled two hours in 
distilled water, by which means its pores had been so com- 


pletely filled with that fluid, that the pieces of it that were 
3 3 N 2 


On repeating the experiment, and using the solution nearly 
saturated with the oxide, the result was precisely the same; 


the solution being found perfectly colourless, and the revived 
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used were specifically heavier than water, and sunk in it, to the 
bottom of the containing vessel. 


Having been so successful in my attempts to reduce the 


oxide of gold, by means of charcoal, in the moist way, I lost no 
time in making similar experiments with the oxide of silver. 


Experiment No. 11. A solution of fine silver, in strong ni- 


 trous acid, was evaporated to dryness, and the residuum 1 redis- : 


Solved in distilled water. 
A portion of this solution, (which was perfectly 2 
diluted with twice as much distilled water, was poured into a 
phial containing a number of small pieces of charcoal; and the 
phial, being well closed with a new cork topple, w was exposed 


to the action of the sun's rays. 


In less than an hour, small specks of revived silver began 


to make their appearance on the surface of the charcoal; and, 

at the end of two hours, these specks became very numerous, 

and had increased so much in size, that they were distinctly vi- 
sible to the naked eye, at the distance of more than three feet. 


They were very white, and possessed the metallic splendour of 
silver in so high a degree, that when enlightened by the sun's 
beams, their lustre was — equal to that of "_y an dia- 


monds. 


The phial, which was in the form of a pear, and about 14 


inch in diameter at its bulb, was very thin, and made of very 
fine colourless glass; the aqueous solution was also perfectly 
transparent and colourless; and, when the contents of the 


phial were illuminated by the direct rays of a bright sun, the 


contrast of the white colour of these little metallic spangles 


with the black charcoal to which they were fixed, and their 
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extreme brilliancy, afforded a very beautiful and interesting 
sight. 

As the air had been previously expelled from the charcoal, 
by boiling it in distilled water, it was specifically heavier than 
the aqueous solution of the metallic oxide, and consequently 
remained at the bottom of the bottle. 
Experiment No. 12. A phial, as nearly as possible like that 
used in the last experiment, and containing the same quantity 
of diluted aqueous solution of nitrate of silver, and also of char- 
coal, was inclosed in a cylindrical tin box, and exposed one hour 
to the heat of boiling water, in an apparatus used for boiling 
potatoes in steam, for the table. 

The result of this experiment was uncommonly striking. 
The surface of the charcoal was covered with a most beautiful 

metallic vegetation; small filaments of revived silver, resem- 
bling fine flatted silver wire, pushing out from its Surface, in all 


” directions! 


Some of these metallic filaments were above one-tenth of an 


inch in length. On agitating the contents of the phial, they 
were easily detached from the surface of the charcoal, to which 
they seemed to adhere but very slightly. 


These experiments were repeated several times, a and always 
with precisely the same results. 

When the oxide of gold was reduced in a this way, the revived 
metal appeared under the form of small scales, a adhering firmly 
to the surface of the charcoal. May not the difference of the 
forms under which gold and silver are revived from their oxides, 


in this process, be owing to the difference of the specific gravi- 
ties of those metals? 
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The following experiments, which were first suggested by an 
accident, were made with a view to investigate still farther the 
causes of those effects which have been attributed to the sup- 
posed chemical properties of light. 

Having accidentally put away two small phials, each con- 
taining a quantity of aqueous solution of the oxide of gold and 
sulphuric ether, in each of which the ether had extracted the 
gold completely from the solution, as was evident by the yellow 
colour of the solution having been transferred to the ether, and 
the solution being left colourless; in one of the phials, which 
happened to stand in a window in which there was occasionally 
a strong light, (though the direct rays of the sun never fell on 
it,) I found, in about three weeks, that the oxide was almost 
entirely reduced; the revived gold appearing in all its metallic 

splendour, in the form of a thin pellicle, swimming on the sur- 
face of the aqueous liquor i in the phial, and the colour of the 

ether which reposed on it having become quite faint; while no 
visible change had been produced in the contents of the other 

phial, which had stood in a dark corner of the room. f 
As these appearances induced me to suspect, or rather 
strengthened the suspicions I had before conceived, that the 
separation of gold from ether, under its metallic form, when a 
solution of its oxide is mixed with that fluid, is always effected 
by a reduction of the oxide by means of light, I made the 
following experiment, with a view to the farther investigation 
of that matter. 

Experiment No. 18. Into a small pear-like phil of very fine 
transparent glass, I put equal quantities of an aqueous solution 
of the muriatic oxide of gold and sul phuric ether; and the phial, 
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which was about half filled, being closed with a good cork, well 


secured in its place, was erpoed 22 —„ —— 
of a bright sun. 


A pellicle of revived gold, in all its metallic splendour, began 
almost immediately to be formed on the surface of the aqueous 
liquid, and soon covered it entirely; and, at the end of two hours, 
the whole of the oxide was completely reduced, as was evident 
from the appearance of the ether, which became perjectly co- 
lourless. 
On shaking the phil che metallic pellicle which covered the 

eurface of the aqueous liquid was broken into small pieces, which 


had exactly the appearance of leaf gold, possessing the true 
colour, and all the metallic brilliancy, of that metal. | 
On suffering the phial to stand quiet, the aqueous liquor and 
the ether separated, and most of the broken pieces of the thin 

sheet of gold descended to the bottom of the phial: the remain- 


der of them floated on the surface of the aqueous liquid; and 


the ether, as well as the aqueous liquid, appeared to be * 
nen and colourless. 
Buy the length of time which was required for the ether and 
the aqueous liquid to separate, I thought I could perceive that 
the ether had lost something of its fluidity; but, as this was an 
event I expected, it is the more likely, on that account, that 
was deceived, when I imagined Isa proofs of its having taken 
place. 
On removing the cork, after the contents of the bottle had 
been suffered to cool, there was no appearance of any consider- 
able quantity of air, or other permanently elastic fluid, having 
been either generated or absorbed, during the experiment. 
Finding that the oxide of gold might be so completely and 
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so expeditiously reduced, by means of ether, I conceived it 


might be possible to perform that chemical process, in tbe moist 
way, by means of essential oils ; and this conjecture proved to 


be well founded. 
Experiment No. 14, Upon a quantity of a diluted aqueous 


solution of nitro-muriate of gold, in a small pear-like phial, 
about 14 inch in diameter at its bulb, was poured a small 
quantity of etherial oil of turpentine, just as much as was suf- 
| ficient to cover the aqueous solution to the height of Fg of an 
inch; and the phial, being well closed with a good exc, well 
secured, was exposed one hour to the heat of boiling water in 
a steam- vessel. ; 


The gold was revived, appearing in the farm of a eplendic 


pellicle, of a bright gold colour, which floated on the surface 
of the aqueous liquid. The oil of turpentine, which, at the 


beginning of the experiment, was as pale and colourless as 
pure water, had taken a bright yellow hue; and the aqueous 


fluid, on which it reposed, had entirely lost its yellow colour. 


On Shaking the phial, its contents were intimately mixed ; 


but, on suffering it to stand quiet, the oil of turpentine soon 


Separated from the aqueous liquid, retaining its bright yellow 


hue, and leaving the aqueous liquid colourless. 


On shaking the phial, before it bad been exposed to the beat, 
and mixing its contents, and then suffering it to stand quiet, 
the oil of turpentine, on taking its place at the top of the 


aqueous solution, was not found to have acquired any colour; 


nor was the bright gold colour of the solution found to be at 


all impaired. When sulphuric ether was used, instead of the 


oil of turpentine, the effect was in this respect very different. 
| To find out whether the oil of turpentine used in this expe- 
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riment, and which had acquired a deep yellow colour, had lost 
that property by which it effected the reduction of the metallic 
oxide, I now poured an additional quantity of the aqueous so- 
lution of the oxide into the phial, and, shaking the phial, exposed 
it, with its contents, to the heat of boiling water. | 

After it had been exposed to this heat about two Menne 1 
examined it, and found, that though a considerable quantity of 
gold had been revived, yet the aqueous liquid still retained a 
faint yellow colour. 

The oil of turpentine had quia) a * and richiy gold 
colour, approaching to orange. 

To the contents of the phial, I now added about half as much 
distilled water, and, mixing the whole by shaking, I exposed the 
phial again, during two hours, to the heat of boiling water; 
when the remainder of the oxide was reduced, and the aqueous 
liquid left perfectly colourless. 
On repeating this experiment with oil of les and va- 

rying it, by using a solution of the oxide of silver, (an aqueous 

solution of nitrate of silver,) instead of that of gold, the result 
was nearly the same: the metal was revived, and the oil of 
turpentine acquired a faint greenish- yellow colour. . 

T also revived the oxides of gold and of silver with oil of olives, 
by a similar process, with the heat of boiling water. The oil of 
olives used in these experiments lost its transparency, and be- 
came deeply coloured; that used in the reduction of the oxide 
of silver, taking a very deep dirty brown colour, approaching to 
black; and that employed in reducing the oxide of gold, being 
changed to a yellowish-brown, with a purple hue. 

In the experiment with the oxide of silver, the inside of the 
phial, in the region where the oil reposed on the aqueous solu- 
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tion, was beautifully silvered, the revived metal forming a nar- 
row metallic ring, extending quite round the phial; and, in both 
experiments, small detached pellicles of revived metal were vi- 
sible in the oil, and adhered in several places to the inside of 
the phial, forming bright spots, in which the colour of the me- 
tal, and its peculiar splendour, were perfectly conspicuous. 
Experiment No. 15. As carbon is one of the co. istituent prin- 
_ ciples of spirit of wine, as well as of essential oils and sulphuric 
ether, I thought it possible that I might succeed in the reduc- 
tion of the oxide of gold, by mixing alcohol, with an aqueous 
solution of nitro-muriate of gold, and exposing the mixture, in 
a phial well closed, * 1 _ 
riment did not succeed. 
By pouring upon this mixture a mall quantity of oil of 
| olives, and exposing it again to the heat of bailing _ the 
gold was revived. 
Is it not probable, that the reason * the . was not 
reduced by alcohol, is the mobility of those elements, which 
ought to act on each other, in order that the effect in question 
may be produced? I have no doubt but the oxide would be 
reduced, could the alcohol be made to rest on the surface of the 
aqueous solution, without mixing with it. 

I wished to have been able to have collected and 8 
the elastic fluids, which probably were formed in most of the 
preceding experiments; but my time was so much taken up 
with other matters, that I had not leisure to pursue th ese inves- 
tigations farther. 

In order to see what effects would be produced by the heat 
generated at the surface of an opaque body, of a nature different 
from those hitherto used in the reduction of the metallic oxides, - 
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and one that is little disposed to form a chemical union with 
oxygen, (magnesia alba,) when, being immersed in an aqueous 
Solution of the oxide of gold, the rays of the sun were made 
to impinge on it, I contrived the following experiment. 
Experiment No. 16. 1 took four small thin phials, A, B, C, 
and D, of very fine glass, and, putting into each of them about 
five grains of dry magnesia alba, I filled the phial A, neatly full, 
with a saturated aqueous solution of the oxide of gold. 
I filled the phial B, in like manner, with some of the same 
solution, diluted with an equal quantity of distilled water; and 
the phials C and D were filled with the solution still farther 
_ diluted. 


These phials, open or without stoppers, were ex cposed one 
whole day to the action of the direct rays of a bright sun, their 


contents being often well mixed together, during that time, by 
Shaking. 
The contents of all these phials hen ged colour, x more or less, 
but they acquired very different hues. The contents of the 
phial A became of a very deep rich gold colour, approaching to 
orange, the earthy sediment being throughout of the same tint. 
The contents of the phial B, which were at first of a light 
 s$traw colour, first changed to a light green, and then to a 
= greenish blue. The phial having been suffered to stand quiet 
several days, in an uninhabited room, in a retired part of the 
house, the solution became nearly colourless, and the sediment 
was found to be of a dirty olive colour. 

The colour of the contents of the phials C and D was changed 
nearly in the same manner p and, having been suffered to stand 
quiet two or three days, to settle, the solution was found to be 
quite colourless, and the sediment to be deeply coloured. There 
3 O 2 


468 Count Ruxtronpꝰs Inquiry, &c. 


was, however, a very remarkable difference in the hues of the 
two phials; that of the phial C being of a light greenish- blue; 
while that in the phial D was indigo, and of so deep a tint, that 
it wh easily have been taken for black. 
These appearances were certainly very striking, and well 
calculated to excite my curiosity; but I am so much engaged 
in public business, that it is not at present in my power to pur- 
sue these inquiries farther. I wish that what I have done may 
induce others, who have more time to spare, to devote some 
portion of their leisure to these interesting investigations. 
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XXI. Experiments to determine the Density of the Earth. By 
wy Cavendish, K F. R. S. ang AS. 


Read June 21, 1798. 


| Mur years ago, the late Rev. Joun MichELIL, of this Society, 
contrived a method of determining the density of the earth, by 
rendering sensible the attraction of small quantities of matter; 
but, as he was engaged in other pursuits, he did not complete 
the apparatus till a short time before his death, and did not 
live to make any experiments with it. After his death, the 
apparatus came to the Rev. Francis Joun Hype WOoLLASTON, 
Jacksonian Professor at Cambridge, who, not having conveni- 
ences for making experiments with it, in the manner he could : 
wish, was so good as to give it to me. 
The apparatus is very simple; it consists of a wooden arm, 
6 feet long, made so as to unite great strength with little 
weight. This arm is suspended in an horizontal position, by 
a slender wire 40 inches long, and to each extremity is hung a 
leaden ball, about 2 inches in diameter; and the whole is in- 
closed in a narrow wooden case, to defend it from the wind. 
As no more force is required to make this arm turn round 
on its centre, than what is necessary to twist the suspending 
wire, it is plain, that if the wire is sufficiently slender, the most 
minute force, such as the attraction of a leaden weight a few 
inches in diameter, will be sufficient to draw the arm sensibly 
aside. The weights which Mr. MichkLL intended to use were 
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8 inches diameter. One of these was to be placed on one side the 
case, opposite to one of the balls, and as near it as could conve- 
niently be done, and the other on the other side, opposite to the 
other ball, so that the attraction of both these weights would con- 


spire in drawing the arm aside; and, when its position, as affected 


by these weights, was ascertained, the weights were to be re- 
moved to the other side of the case, so as to draw the arm the 


contrary way, and the position of the arm was to be again de- 


termined; and, consequently, half the difference of these posi- 
tions would shew how much the arm was drawn aside eu the 


attraction of the weights. 


In order to determine from hence the denaity of the earth, it 


is necessary to ascertain what force is required to draw the arm 
aside through a given space. This Mr. MicueLL intended to 

do, by putting the arm in motion, and observing the time of i its Ty 

vibrations, from which it may easily be computed.* | 


Mr. M1cHELL had prepared two wooden stands, on which 


the leaden weights were to be supported, and pushed forwards, 
till they came almost in contact with the case; but be seems 


to have intended to move them by hand. 
As the force with which the balls are attracted by these 


weights is excessively minute, not more than ——— of their | 


3 


weight, it is plain, that a very minute disturbing force will be 


sufficient to destroy the success of the experiment; and, from 


the following experiments it will appear, that the disturbing 


» Mr. Couroms has, in a variety of cases, used a contrivance of this kind for 
trying small attractions; but Mr. MicasLL informed me of his intention of making 


this experiment, and of the method he intended to use, before the publication of any 


of Mr. CouLonus's experiments. 
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force most difficult to guard against, is that arising from the 
variations of heat and cold; for, if one side of the case is warmer 
than the other, the air in contact with it will be rarefied, and, 
in consequence, will ascend, while that on the other side will 
descend, and produce a current which will draw * arm sen- 
bly aside.“ 
As I was convinced of the necessity of guarding against this 
souree of error, I resolved to place the apparatus in a room 
which should remain constantly shut, and to observe the motion 
of the arm from without, by means of a telescope; and to sus- 
pend the leaden weights in such manner, that I could move them 
without entering into the room. This difference in the man- 
ner of observing, rendered it necessary to make some alteration 
in Mr. Miehkr T's apparatus; and, as there were some parts of 
it which 1 thought not so convenient as could be wished, * 
chose to make the greatest part of it afresh. 
Fig. 1. (Tab. XXIII.) is a longitudinal vertical section 

through the instrument, and the building in which it is placed. 

ABCDDCBAEFFE, is the case; and æ are the two balls, 
which are suspended by the wires bz from the arm ghmb, 
which is itself suspended by the slender wire g/. This arm 
c consists of a slender deal rod bm b, strengthened by a silver 


VM. Cass INI, in observing the variation compass placed by him in the Observatory, 
(which was constructed so as to make very minute changes of position visible, and 
in which the needle was suspended by a silk thread,) found that standing near the box, 
in order to observe, drew the needle sensibly aside; which I have no doubt was caused 
| by this current of air. It must be observed, that his compass-box was of metal, which 
transmits heat faster than wood, and also was many inches deep; both which causes 
served to increase the current of air. To diminish the «fect of this current, it is by 
all means advisable to make the box, in which the needle plays, not mach deeper than 
is necessary to prevent the needle from striking against the top and bottom. 


represented, to avoid confusion. GG and GG are the end walls 
of the building. W and Ware the leaden weights; which are 


472 Mr. CAvENDISH's Experiments to determine 


wire bgb; by which means it is made strong e to * 
port the balls, though very light.* EY 

The case is supported, and set horizontal, by four screws, rest- 
ing on posts fixed firmly into the ground: two of them are 
represented in the figure,, by S and S; the two others are not. 


suspended by the copper rods Ry Pr R, and the wooden bar rr, 


from the centre pin Pp. This pin passes through a hole in the 


beam HH, perpendicularly over the centre of the instrument, 
and turns round in it, being prevented from falling by the 


plate p. MM is a pulley, fastened to this pin; and Mm, a cord 


wound round the pulley, and passing through the end wall; 


by which the observer may turn it round, and * move 
the weights from one situation to the other. 


Fig. 2. (Tab. XXIV. is a plan of the instrument. AAAA is ORs 


case. SSSS, the four screws for supporting it. Oh, the arm and 


balls. Wand W, the weights. MM, the pulley for moving them. 


When the weights are in this position, both conspire in drawing 
the arm in the direction þ W; but, when they are removed to the 


situation to and to, represented by the dotted lines, both conspire 


in drawing the arm in the contrary direction bw. These weights 


are prevented from striking the instrument, by pieces of wood, 
which stop them as soon as they come within 5 of an inch of the 


Mr. Micnzrr's rod was entirely of wood, and was much stronger and stiffer 
than this, though not much heavier ; but, as it had warped when it came to me, I chose 
to make another, and preferred this form, partly as being easier to construct and 
meeting with less resistance from the air, and partly because, from its being of a less 


complicated form, I could more easily compute how much it was attracted by the 
weights. 
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case. The pieces of wood are fastened to the wall of the build- 
ing; and I find, that the weights may strike against them with 
considerable force, without sensibly shaking the instrument. 

In order to determine the situation of the arm, slips of ivory 
are placed within the case, as near to each end of the arm as 


can be done without danger of touching it, and are divided to 


20ths of an inch. Another small slip of ivory is placed at each 
end of the arm, serving as a vernier, and subdividing these 
divisions into 3 parts; so that the position of the arm may be 
observed with ease to 10oths of an inch, and may be estimated 
to less. These divisions are viewed, by means of the short tele- 
scopes T and T, (fig. 1.) through slits cut in the end of the case, 
and stopped with glass; they are enlightened by the lamps IL 
and L, with convex glasses, placed so as to throw the light on 
the divisions; no other light being admitted into the room. 
Ihe divisions on the slips of ivory run in the direction Wwuw, 
(fig. 2.) so that, when the weights are placed in the positions 
w and to, represented by the dotted circles, the arm is drawn 
aside, in such direction as to make the index point to a higher 
number on the sli ps of ivory; for which reason, I call this the 
positive position of the weights. 
FE, (fig. 1.) is a wooden rod, which, by means of an . 
screw, turns round the support to which the wire gl is fastened, 
and thereby enables the observer to turn round the wire, till the 
arm settles in the middle of the case, without danger of touch-⸗ 
ing either side. The wire gl is fastened to its support at top, 
and to the centre of the arm at bottom, by brass clips, in which 
it is pinched by screws. 
In these two figures, the different parts are drawn nearly in 
MDCCXCVI1II, e 
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the proper proportion to each other, and on a scale of one to 
thirteen. 


Before 1 proceed to the account of the experiments, it will be 
proper to say something of the manner of observing. Suppose 
the arm to be at rest, and its position to be observed, let the 
weights be then moved, the arm will not only be drawn aside 
thereby, but it will be made to vibrate, and its vibrations will 
continue a great while; so that, in order to determine how much 
the arm is drawn aside, it is necessary to observe the extreme 
points of the vibrations, and from thence to determine the point 
which it would rest at if its motion was destroyed, or the point 
of rest, as I shall call it. To do this, I observe three successive 
extreme points of a vibration, and take the mean between the first 
and third of these points, as the extreme point of vibration in one 
direction, and then assume the mean between this and the se- 
cond extreme, as the point of rest; for, as the vibrations are 
continually diminishing, it is evident, that the mean between 
two extreme points will not give the true point of rest. 

It may be thought more exact, to observe many extreme 
points of vibration, so as to find the point of rest by different 
sets of three extremes, and to take the mean result; but it must 
be obseryed, that notwithstanding the pains taken to prevent 
any disturbing force, the arm will seldom remain perfectly at 
rest for an hour together; for which reason, it is best to deter- 
mine the point of rest, from observations made as soon after the 
motion of the weights as possible. 

The next thing to be determined is the time of vibration, 
which I find in this manner: I observe the two extreme points 
of a vibration, and also the times at which the arm arrives at 


the Dan of the Earth. 475 


two given divisions between these extremes, taking care, as well 
as I can guess, that these divisions shall be on different sides of 
the middle point, and not very far from it. I then compute 
the middle point of the vibration, and, by proportion, find the 
time at which the arm comes to this middle point. I then, after 
a number of vibrations, repeat this operation, and divide the 
Interval of time, between the coming of the arm to these two 
middle points, by the number of vibrations, which gives the 
time of one vibration, The following example will — 
what is here said more 3 


— os 


55 7 Ht morn 
Extreme n: . .. . | Point of | Time of middle 
Palate. Division.“ Time. | rest. | of a” we rang 
27,2 l Us - I A 8 
3 25 10 23 A ſe | 10 2: 23 
221 | - | - - | 246 | 
7 i 


—] - |...” | 
nj - } -- Fes a 
23 1 Do OS *.. 6 24,05 
26,6 © 4 5 4 [ 


| 25 W 1 
| 24 | 6 48 . 


94] | 
The first . contains the extreme points of the vibra- 
tions. The second, the intermediate divisions. The third, the 
time at which the arm came to these divisions; and the fourth, 
the point of rest, which is thus found : the mean between the 
first and third extreme points is 27,1, and the mean between 
this and the second extreme point is 24,6, which is the point of 
rest; as found by the three first extremes. In like manner, the 
gPs 


; 


* 1 
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point of rest found by the second, third, and 4th extremes, is 
24,7, and so on. The fifth column is the time at which the 
arm came to the middle point of the vibration, which is thus 
found : the mean between 27,2 and 22,1 is 24,65, and is the 
middle point of the first vibration; and, as the arm came to 25 
at 10 24“ 4%, and to 24 at 100 29 57”, we find, by proportion, 
that it came to 24,65 at 10) 29' 2g”. In like manner, the arm 
came to the 1 middle of the seventh vibration at 11* 5' 22”; and, 
therefore, six vibrations were performed i in 41 59%, or one vibra- : 
tion in 7 0% | 
To judge of the — of this method, we must consider 
in what manner the vibration is affected by the resistance of 
the air, and by the motion of the point of rest. 
Let the arm, during the first vibration, move from Dto B, (Tab. 
XXIV. fig. 3.) and, during the second, from B tod; Bd being less 
than DB, on account of the resistance. Bisect Dh in M, and Bd in 
m, and bisect Mm in n, and let æ be any point in the vibration; 
then, if the resistance is proportional to the square of the velocity, 
the whole time of a vibration is very little altered; but, if T is 
taken to the time of one vibration, as the diameter of a circle 


to its semicircumference, the time of n from B to n ex- 


ceeds 3 a vibration, by TY nearly; a - and the time of moving 


from B to m falls $hort of 4 a vibration, by as much: and the 


| time of moving from B to z, in the second vibration, exceeds 


T 
that of moving from x to B, in the first, by N - LES - — 


supposing Dd to be bisected in 9; 80 that, if a mean is taken, 
between the time of the first arrival of the arm at æ and its re- 
turning back to the same point, this mean will be earlier than 


"= . . . T yo» Bz* 
the true time of its coming to B, by 55 _ _ rl. 


— — — — — — pe ow _—_—_———_——_ 
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The effect of motion in the point of rest is, that when the 
arm is moving in the same direction as the point of rest, the 
time of moving from one extreme point of vibration to the 
other is increased, and it is diminished when they are moving 
in contrary directions; but, if the point of rest moves uniformly, 
the time of moving from one extreme to the middle point of 

the vibration, will be equal to that of moving from the middle 
point to the other extreme, and moreover, the time of two suc- 

cessive vibrations will be very little altered; and, therefore, the 
time of moving from the middle point of one vibration to the 
middle point of the next, will also be very little altered. 

It appears, therefore, that on account of the resistance of 
the air, the time at which the arm comes to the middle point of 
the vibration, 1s not exactly the mean between the times of its 
coming to the extreme points, which causes some inaccuracy 
in my method of finding the time of a vibration. It must be 
observed, however, that as the time of coming to the middle 
point is before the middle of the vibration, both in the first and | 
last vibration, and in general is nearly equally so, the error 
produced from this cause must be inconsiderable ; and, on the 
whole, I see no method of finding the time of a vibration which 
is liable to less objection. 
The time of a vibration may be determined, either by pre- 

vious trials, or it may be done at each experiment, by ascer- 
| taining the time of the vibrations which the arm is actually put 

into by the motion of the weights; but there is one advantage 
in the latter method, namely, that if there should be any acci- 
dental attraction, such as electricity, in the glass plates through 
which the motion of the arm is seen, which should increase 
the force necessary to draw the arm aside, it would also dimi- 
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nish the time of vibration; and, consequently, the error in the 
result would be much less, when the force required to draw the 
arm aside was deduced from experiments made at the time, 
than when it was taken from previous experiments. 


Account of the Experiments. 


In my first experiments, the wire by which the arm was sus- 
pended was 394 inches long, and was of copper silvered, one 
foot of which weighed 2; grains: its stiffness was such, as to 
make the arm perform a vibration in about 15 minutes. I imme- 
diately found, indeed, that it was not stiff enough, as the at- 
traction of the weights drew the balls so much aside, as to make 
them touch the sides of the case; I, however, chose to make 
some experiments with it, before I changed it. 
In this trial, the rods by which the leaden weights were sus- 
pended were of iron; for, as I had taken care that there should 
be nothing magnetical in the arm, it seemed of no signification 
whether the rods were magnetical or not; but, for greater se- 
curity, I took off the leaden weights, and tried what effect the 
rods would have by themselves. Now I find, by computation, 
that the attraction of gravity of these rods on the balls, is to 
that of the weights, nearly as 17 to 2.500 ; so that, as the attrac- 
tion of the weights appeared, by the foregoing trial, to be suffi- 
cient to draw the arm aside by about 15 divisions, the attraction 
of the rods alone should draw it aside about -; of a division; 
and, therefore, the motion of the rods from one near position to 
the other, should move it about 3 of a division. 
The result of the . was, that for the first 15 
minutes after the rods were removed from one near position 
to the other, very little motion was produced in the arm, and 
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hardly more than ought to be produced by the action of gra- 
vity; but the motion then increased, so that, in about a quarter 
or half an hour more, it was found to have moved + or 14 


division, in the same direction that it ought to have done by 


the action of gravity. On returning the irons back to their 
former position, the arm moved backward, in the same man- 
ner that it before moved forward. 

It must be observed, that the motion of the arm, in these 
experiments, was hardly more than would sometimes jake place 


without any apparent cause; but yet, as in three experiments 
which were made with these rods, the motion was constantly 


of the same kind, though differing in quantity from + to 15 
division, there seems great reason to think that it was pro- 
duced by the rods. 


As this effect seemed to me to be owing to magnetism, 
though it was not such as I should have expected from that 
cause, I changed the iron rods for copper, and tried them as 
before; the result was, that there still seemed to be some 


effect of the same kind, but more irregular, so that I attributed 
it to some accidental cause, and therefore hung on the leaden 
weights, and proceeded with the experiments. 

It must be observed, that the effect which seemed to be pro- 


duced by moving the iron rods from one near position to the 

other, was, at a medium, not more than one division; whereas 
the effect produced by moving the weight from the midway to 
the near position, was about 13 divisions; so that, if I had con- 


tinued to use the iron rods, the error in the result caused there- 
by, could hardly have exceeded 28 of the whole. 


9 
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\EXPERIMENT 1. | Aug, 5. 


Weights in midway position. 


1 
1 mw enen, Sede ere, Je r 
Extrem | . Point 5 of mid. A. 9 
tags. Ivisions.\ Tine. 1 n of vibration. Difference. 5 
1 b. 2 | | wy Sha 0 
11,4, | 9 420 . | 
F | 
1 18 10 3 | L255 5 | 


8 1 
3-31 
12 
18,2 | = 
12 
„ 
6,6 | oy 
E565 
„ 
16,3 - 
| 12 
| 11 
77 


Motion on moving from midway to pos. 


| 
f — 3 
| 


Time of one vibration 


At 10˙ 5, * moved to \positiv position. 


* . 
- - | 25.82 | 
- - | 26,07| 
— 1 26 * 1 
At 110 65 weights returned back to midway position. 
bob © 
*$ „ 
12 ff - - [14 56 
16 N . 
17 8 a 
11,98] = = 14 36 
35 = TY - 
3111 30 40% 
1 N 11,72 — — 15 13 
V 
# Ht 1 21 1 
= 14,32 
pos. to midway - - = 14,1 
5 5 2 140 55 
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It must be observed, that in this experiment, the attraction 
of the weights drew the arm from 11,5 to 25,8, so that, if no 
contrivance had been used to prevent it, the momentum ac- 
quired thereby would have carried it to near 40, and would, 
therefore, have made the balls to strike against the case. To 
prevent this, after the arm had moved near 15 divisions, I re- 
turned the weights to the midway position, and let them remain 
there, till the arm came nearly to the extent of its vibration, and 


then again moved them to the positive position, whereby the 
vibrations were so much diminished, that the balls did not 
touch the sides; and it was this which prevented my obser- . 


ving the first extremity of the vibration. A like method was 


used, when the weights were returned to the midway —— 


and in the two following experiments. 


The vibrations, in moving the weights from the midway to 
the positive position, were so small, that it was thought not 
worth while to observe the time of the vibration. When the 

weights were returned to the midway position, I determined 


the time of the arm's coming to the middle point of each vibra- 
tion, in order to see how nearly the times of the different vi- 


brations agreed together. In great part of the following expe- 


riments, I contented myself with observing the time of its 


: 2 to the middle of only the first and last vibration. 
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EXPERIMENT II. 


Aug. 6. 
Weights in was RIO. 


15,2 


SEAN 


Divisions. 


11 
11 
i. 


| 5 


17 


„ 
O 
33 © 
O 
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Point of imeof mid. 


Weights moved to positive position. 


1 


_ 
N * 
| : 
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4 


| 


| | 


| 26,87 
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Weights returned to midway position. 
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A e reel 
W eee, Time, e, eee, Difference 
5 | h. . 1 5 h. 7 ! ; n | 
Mc he 9s} - - ks 
3 2 3 4811 11 
„ 18 55 
13,6 1 | | 
Motion of arm on moving weights from 5 
midway to pos. = = 15,87 
pos. to midway © = = 15,45 
Time of one vibration = 14' 42” 
EXPERIMENT 111. Aug. 7 
The weights being in the positive position, and 
arm a little in motion. 
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4 WR 
Point of | Time of mid.] . 
rest. {of vibration. Difference. 


2 | h. EF 
| LYSS] =. = 
| 14, {11 18 40 | = 11 10 18 
ee 
"oi 1 = 26 r 
201 53 4 


Weights moved to positive position. 


. 0 >. j6-+ 
. 1 e 
1 - j- 28, 62 | ons 3 

— 44 a8] „%%% 


37,1 YT 
Motion of the arm on moving weights from 
pos. to mic. = 13,22 
mid. to pos. 214.5 
Time of one vibration, when in mid. position = 14 39” 
Pos. position 14 54 


These experiments are sufficient to shew, that the attraction 


of the weights on the balls is very sensible, and are also suffi- 


ciently regular to determine the quantity of this attraction 
pretty nearly, as the extreme results do not differ from each 


other by more than # part. But there is a circumstance in 
them, the reason of which does not readily appear, namely, 


that the effect of the attraction seems to increase, for half an 
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hour, or an hour, after the motion of the weights; as it may be 
observed, that in all three experiments, the mean position kept 
increasing for that time, after moving the weights to the posi- 
tive position; and kept decreasing, after moving them from the 
positive to the midway position. 

The first cause which occurred to me was, that possibly there 
might be a want of elasticity, either in the suspending wire, or 
something it was fasfened to, which might make it yield more 
to a given pressure, after a long continuance of that pressure, 
than it did at first. 

To put this to the trial, I moved the index so much, that the 
arm, if not prevented by the sides of the case, would have stood 
at about 30 divisions, so that, as it could not move farther than 
to gz divisions, it was kept in a position 15 divisions distant 
from that which it would naturally have assumed from the stiff- 
ness of the wire; or, in other words, the wire was twisted 13 
divisions. After having remained two or three hours in this 
position, the index was moved back, so as to leave the arm at 
liberty to assume its natural position. 

It must be observed, that if a wire is twisted only a little 
more than its elasticity admits of, then, instead of setting, 
as it is called, or acquiring a permanent twist all at once, it 
sets gradually, and, when it is left at liberty, it gradually loses 
part of that set which it acquired; so that if, in this experiment, 
the wire, by having been kept twisted for two or three hours, 
had gradually yielded to this pressure, or had begun to set, it 
would gradually restore itself, when left at liberty, and the point 
of rest woald gradually move backwards; but, though the ex- 
periment was twice repeated, ] could not perceive any such 
effect. 


The arm was next suspended by a stiffer wire. 
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EXPERIMENT IV. 
Weights in midway position. 


—_—— 


Aug. 12. 


Divisions. 
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Time of mid.“ 
of vibration. | 


21,6 
21,3 


21,5 


h. 


10 13 © 


9 30 
us 


| 


21,5 


Weights moved from midway to positive position. 


27,2 


22,1 


27 


22,6 
26,8 


23,0 
26,6 


23,4 


5 
22,4 
111 
21,5 
ed 
20,8 | 


15, 


9 


19 25 
20 41 


20 45 
9 22 
fs 


40 23 
41 18 


3 
49 24 


54 45 


q 


| 55 457 


| 


Wei cg moved to negative position. 


— |10 20 31 
| 18,72 


} 
1 


18,35 


24.6 
24,6 7 


— 9 


18,52 


18,22 


18,1 


24.75 
24.8 
24,85 


S 


0 


| 


| 


| 


3 
34 28 
41 32 

48 39 


55 37 


I 


Y 
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Weights moved to positive position. 


. — % 


Divisi OM Point of | Time of mid.| m; | 
peints. Desen Time. est. | of vibration. Difference. 


25 [11 10 25 
n 
17,1 [ 2 . 1 | 
m2" Ou, - 1 vs 
. 26 3 
30, 6 a | - = 7 
fk RET. OR Jy 
Ä 
18,4 e Polk „ 
„„ 8 Y OT | 
29, 9 - | - = [#44] - 
125 [38 39 N - 
. 
mi 7 - 


29 D'S © Rn 
WWW 


29,3 
Motion of arm on moving weights from 
| midway to pos. 3,1 
pos. to neg. == 6,18 
neg. to pos. - _ = 5,92 
Time of one vibration in neg. position =7' 1” 
pos. position = =7 3 
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The weights being in the positive position, the arm was made 
to vibrate, by moving the index. 


EXPERIMENT v. 


\ 


Aug. 20. 
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wo a Fo Fa Ra 
| | Ih. : | 5 h. | | 1 
29,6 " 

21,1 X55 F 

29, * 3» = | 2517 : 

1 | | 


22,6 


10 22 47 
23 go 


| 
11 92 10 


Weights moved to negative position. 


— 110 23 110 
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Weights moved to positive position. 

Sa 3 — 3 
reien, Den rie, = | Poineof [Teng at mid Dire. 
| | h / 4 | h. 2 89 9 

20, 48 

24 [11 49 10 \| | 

26 5 19 68 49 37 - 
29,4 3 24,95 F 7 

e 36 K 21 70 6 4 

T% 4 - —+... 0” 
20,8 | = - | 24,92 
28,7 Ne | FN wn | 24,87 3 
„ ka — _ | 24, | : 
28,1 | = — - | 475 
235 - * 
27,6 1 _ ” 24,67 
22 | N 1 * 1 | 247 2 : 

24 |o A5 48 3 
„ 3 43 4 ds 
—__ * 1. 1967 1 © -*17- 1 

F 24 3 84 9 | * 
| „ | | 


Motion of arm on moving weights from 

: “ 
neg. to pos. — --.. * 

Time of one vibration, when weights are in 
neg. position 7  Þ& us 
pos. position 8 =75 


In the fourth experiment, the effect of the weights seemed to 


increase on standing, i in all three motions of the weights, con- 
formably to what was observed with the former wire; but, in 
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the last experiment, the case was different ; for though, on 
moving the weights from positive to negative, the effect seemed 


to increase on standing, yet, on moving them from negative to 


positive, it diminished. 
My next trials were, to see whether this effect was owing to 


magnetism. Now, as it happened, the case in which the arm was 
inclosed, was placed nearly parallel to the magnetic east and 
west, and therefore, if there was any thing magnetic in the 
balls and weights, the balls would acquire polarity from the 
earth; and the weights also, after having remained some time, 


either in the positive or negative position, would acquire po- 


larity in the same direction, and would attract the balls; but, 
when the weights were moved to the contrary position, that 
pole which before pointed to the north, would point to the south, 


and would repel the ball it was approached to; but yet, as re- 


pelling one ball towards the south has the same effect on the 
arm as attracting the other towards the north, this would have 
no effect on the position of the arm. After some time, how- 


ever, the poles of the weight would be reversed, and would 
begin to attract the balls, and would therefore produce the 
same kind of effect as was actually observed. 


Jo try whether this was the case, I detached the weights 


from the upper part of the copper rods by which they were 
suspended, but still retained the lower joint, namely, that 
which passed through them; I then fixed them in their posi- 


tive position, in such manner, that they could turn round on 
this joint, as a vertical axis. I also made an apparatus, by which 
I could turn them half way round, on these vertical axes, with- 


out opening the door of the room. 


Having suffered the apparatus to remain in this manner for 


the Density of the Earth. 491 


a day, I next morning observed the arm, and, having found it 
to be stationary, turned the weights half way round on their 


| axes, but could not perceive any motion in the arm. Having 
suffered the weights to remain in this position for about an 
hour, I turned them back into their former position, but without 


its having any effect on the arm. This experiment was re- 
peated on two other days, with the same result. 


We may be sure, therefore, that the effect in question cont 


not be produced by magnetism in the weights; for, if it was, 


turning them half round on their axes, would immediately have 
changed their magnetic attraction into repulsion, and have ou 


duced a motion in the arm. 


As a further proof of this, I took off the leaden weights, and 
in their room placed two 10-inch magnets; the apparatus for 


turning them round being left as it was, and the magnets be- 
ing placed horizontal, and pointing to the balls, and with their 


north poles turned to the north; but I could not find that any 
| alteration was produced in the place of the arm, by turning 
them half round; which not only confirms the deduction drawn 
from the former experiment, but also seems to shew, that in 


the experiments with the iron rods, the effect produced could 
not be owing to niagnetism. 
The next thing which suggested itself to me was, that pos- 


sibly the effect might be owing to a difference of temperature 
between the weights and the case; for it is evident, that if the 
weights were much warmer than the case, they would warm 
that side which was next to them, and produce a current of air, 
which would make the balls approach nearer to the weights. 


Though I thought it not likely that there should be sufficient 


difference, between the heat of the weights and case, to have 


3 R 2 
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any sensible effect, and though it seemed improbable that, in 
all the foregoing experiments, the weights should happen to be 
warmer than the case, I resolved to examine into it, and for 
this purpose removed the apparatus used in the last experi- 

ments, and supported the weights by the copper rods, as before; 
and, having placed them in the midway position, I put a lamp 
under each, and placed a thermometer with its ball close to 
the outside of the case, near that part which one of the weights 
approached to in its positive position, and in such manner 
that I could distinguish the divisions by the telescope. Having 
done this, I shut the door, and some time after moved the 
weights to the positive position. At first, the arm was drawn 
aside only in its usual manner; but, in half an hour, the effect 
was so much increased, that the arm was drawn 14 divisions 
aside, instead of about three, as it W otherwise have been, and 
the thermometer was raised near 14; namely, from 61* to 624. 
On opening the door, the wei . were found to be no more 
heated, than just to prevent their feeling cool to my fingers. 

As the effect of a difference of temperature appeared to be 80 
great, I bored a small hole in one of the weights, about three- 
quarters of an inch deep, and inserted the ball of a small 
thermometer, and then covered up the opening with cement. 
Another small thermometer was placed with its ball close to 
the case, and as near to that part to which the weight was ap- 
proached as could be done with safety; the thermometers 
being so placed, that when the weights were in the negative 
position, both could be seen through one of the telescopes, by 
means of li ight reflected from a concave mirror. 


EXPERIMENT VI. 
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Sept. 6. 


Weights in midway position. 


K 


* 


| | 
Extreme |. - . | . | Point of! Thermometer 
points. 1 | rest. in Air. ſin Weight. 
_ [189 [9 43 | 55-5 
| 18,85 | 10 g| 18,85 | 


Wei ghts moved to negative position. 


13,1 - 110 12 | 5555 | 55,8 
18,4 - | 181 5.88 | 
ISS j © 25 | 
missed. 8 A N 
| 13.0 TVT 
17,6 | - + 46 | 15,65 | * c 
7 13,8 we 33 15,05 
27 | = o [15.05] | 
14,0 | 928 7 5.5 
17,2 3 14 5 8 
Weighs moved to \positive position. 
258 1» 23 | | | 
19.8 | =: 30 21,55 - | 
25,4, — 7 21,6 
18,1 Wi. 44 21,05 | 
25,0 þ 8 51 ö 8 [ 
missed. . | | 
VF ö 
19, 5 | 5 | 12 f 1 | 
244 | ” 19 | | 


Motion of arm on moving weights from midway to — = , og 


== a 


EXPERIMENT VII. 


Sept. 18. 


Weights in midway position. 
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25,1 


Four extreme points missed. 


19,3 | 


19,7 


— 
— . 5 


= O 10 | LL 
| 2223 | 


47 


24 


en | | _ | | 5 5 
"Rem Divizions.| Time. | rest. in Air inWeight 
e EE De Yo EE: ao ca 

104 {8 90] - 1 a67 |-- 
19,4 [9 32 - | 566 
Wei ghts moved to — position. 

13,6 | * | 40 T eq 57 
165 1 -- 47 1695 | 
13,8 1 5 34 e * 

Eight extreme points missed. 

16,9 RR... 10 58 5 
n 5] 13,62 
TT jj m1 - 1 

Wei — moved to positive position. 
26,4, - | 01}. = 36,5 | 
17,2 — 28 21,72 | 
26,114 251 - 


Motion of arm on moving . from midway to — = 3,13 
— to ＋ = 6,1 
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EXPERIMENT vil. Sept. 23. 
Weights in midway position. 
Ext . FS | Trim  - 
f I h £ | e 
19,3 | 9 46 „ 331 
| 19,2 10 46 | 19,2 58-1 FT 
Wei ghts moved to negative position. 
» 58.6 
208 | - -J22 $ 16,07 
13,0 5 L 101 1 
Four extreme points mized. 
6 1 - 4-48 3 | . 
14,1 ; „ 51 | 1557 = 
_— -* 58 2 2 53.6 
Weights moved to poxitive position. 
157 + 10 3 | 1 
26,7 „W 
16,6 | - 1 *- | 53-15 
Two extreme points missed. 
250 | © 36 | ö 
BY 43 [21,9 
25, „„ „ 
Motion of arm on moving weights from midway to — = g, 18 


— to + = 5,72 
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In these three experiments, the effect of the weight appeared 
to increase from two to five tenths of a division, on standing an 
hour; and the thermometers shewed, that the weights were three 
or five tenths of a degree warmer than the air close to the case. 
In the two last experiments, I put a lamp into the room, over 
night, in hopes of making the air warmer than the weights, but 
without effect, as the heat of the weights exceeded that of the 

air more in these two experiments than in the former. 
On the evening of October 17, the weights being placed in 
the midway position, lamps were put under them, in order to 


warm them; the door was then shut, and the lamps suffered 


to burn out. The next morning it was found, on moving the 
weights to the negative position, that they were 74 warmer 
than the air near the case. After they had continued an hour 
in that position, they were found to have cooled 14, so as to 
be only & warmer than the air. They were then ao to the 
positive position; and in both positions the arm was drawn aside 
about four divisions more, after the weights had remained an 
hour in that position, than it was at first. 8 
May 22, 1798. The experiment was repeated in the same 
manner, except that the lamps were made so as to burn only 
a short time, and only two hours were suffered to elapse before 
the weights were moved. The weights were now found to be 
scarcely 2* warmer than the case; and the arm was drawn aside 
about two divisions more, after the weights had remained an 
hour in the position they were moved to, than it was at first. 
On May 23, the experiment was tried in the same manner, 
except that the weights were cooled by laying ice on them; 
the ice being confined in its place by tin plates, which, on 
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: moving the weights, tell to the ground, so as not to be in the 


way. On moving the weights to the negative position, they 
were found to be about 8* colder than the air, and their effect 
on the arm seemed now to diminish on standing, instead of in- 
r as it did before; as the arm was drawn aside about 
2 divisions less, at the end of an hour after the motion of the 
weights, than it was at first. 
It seems sufficiently proved, therefore, that the effect in ques- 
tion is produced, as above explained, by the difference of tem- 


perature between the weights and case; for, in the 6th, 8th, 


and gth experiments, in which the weights were not much 
warmer than the case, their effect increased but little on stand- 
ing: whereas, it increased much, when they were much warmer 
than the case, and decreased much, when they were much 
cooler. 


It must be observed, that in this apparatus, the box in 
which the balls play is pretty deep, and the balls hang near 
the bottom of it, which makes the effect of the current of air 
more sensible than it would otherwise be, and is a defect 


which I intend to rectly: | in some future experiments. 


EXPERIMENT 1X. April 29. 


Weights in positive position. 


Ss q 7 _ | Point of Time n 7 

points. Deinen Time. „ e of vibration. 
ng . 3 1 * 

34.7 3 

1. 

34-051 
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Weights moved to negative position. 


Divisions. 


| | 


Time. 


Point of Time of mid. 


rest. 


| 


of vibration. 


— 


— EEE 


Difference. 


346 
33-0 | 
344 


22,9 
3393 


22,6 


Motion of arm 


n. 


4 n 


| 11 18 29 


58 


25 27\|l 


57 


„ 
65830 


Time of vibration 


| 
8 4 


| h. 


11 18 43 


6,32 


EXPERIMENT X. May 5. 


1 


| 


29 


28 [10 43 42 } 


44 


50 33 
39 


— 


33.97 


5 Weights moved to negati 


27,82 


I 


Werights in positive position. 


ve position. 
LE 
10 43 36 


50 g6 


* 


2 3 


27,47 4 
o 7 26 


6 38" 


l 


2 
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Point of 


| rest. 


of vibration. 


Time of mia] 


— — 


Difference. 


„ i f 0 
32 40 | 


39 19] 
00 By 


Motion of arm 


110 © $7) 


7 51 


11 25 20 


an '- N 


6 52 | 


© 
\ 


27,7 
27,58 | 
27,4 


27, 28 


* 


27,21 


Time of vibration 


| Weights in positive 


34.47 


3449 


Weights moved to negative 


29,9 | 
9 39 591] 


28,42 


6 56 


6,13 
659“ 


Ex ERIMENT x1. May 6. 


sition. 


E: 


5 


75 


| 


position. 


| | 
10 0 8 


— 


—— 2 —ͤ—e— N * 
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* 2 


_ 9 — * : — —_—_ - 


Point of Time of mid. 
rest. | of vibration. 


1 
2 


Extreme d - p 
points. EA Time, 


— — 


— N — — 


23,8 J 25 13 * 28,85 1 
en} *. - 28,3 
24,4 | | | 
missed. | LOT l 
248 | | 5 
31,3 | I. „„ | 
r 49 21 
| 23,3 5 ö By 134 
9 1-8 56 8\| 
1 56 56 
„„ } 7 


Motion of arm ZI _ 6,07 
Time of vibration - => 7 17 


4 306 18 


In the three foregoing experiments, the index was purposely 
moved so that, before the beginning of the experiment, the 
balls rested as near the sides of the case as they could, without 
danger of touching it; for it must be observed, that when the 
arm is at 33. they begin to touch. In the two following expe- 

riments, the index was in its usual position. e 


EXPERIMENT X11. May * 
Weights in negative position. 
17,4 9 43 


17,4 | 58 
17,4 10 8 | 


R 10 


| 


| 


17,4 


990 0 
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Extreme . R Point of Time of mid 
: Divisions A C 2 set g — 
Pe n Lune. | rest. ol vibration. 


28, 8 5 8 5 
24 10 20 50) 5 
1 4 
18,4, | 1 | 23-49 
28,3 __ Cr XG: 23-57 
19,3 [ Ft | ; __— - | 23, 7 | 
27,8 | 2 { _ a; * 
c — | 23,0 | 
. 23,89 | | 
0 SO OC: PO Yb 
1 23 . 8 3 14 
065] = 1 ͤ RT] 
= Þ 9 45 a 3 
„ 24 5 28 — 10 18 
w 1- 
Motion of arm - - = = % 
Time of vibration 855 0 — = 14 * 


- 110 20 59 


— 


*— 


EXPERIMENT XIII. May 25. 
Weights in negative position. 
18,3 HE -.-Þ 37 oÞ 
16,2 | iS | | 


Weights moved to positive position. 
E 

| 25 10 22 22\| 
, 00*} © 
JJ 
3 „„ 
24 30 23 | 30 3 
a1 - | - i : | 23,4 

24 30 5 2 1 
23 37 24 ER £2, 
18,4 pro . = | 23,352 


— ho 22 36 


1 5 > a 
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++ a 


19,9 


2 


Weights moved to negative voten. 
1 


135. 


13.9 


20, 


21,8 


14,7 
20 


15 


19,5 


— — — 7— — u— —— 


— 


23 


ig 
24 


18 
17 


* 


18 


Time of vibration at 


t 


37 34 


| 
Motion of the arm on moving weights from — to + 


38 10 


44 26 
45 


| o 19 57 
20 32 


27 131 


1871] 


rest. 


Point of [re of mid. 


. 1 2 . 
8 


1101 


f vibration. | 


— — 


17,6 
17,47 


17,75 5 
15353 37 39 
17.67 2 
4) 


[ 17,62 
17,52 | 


Toe 
| | © 20 24, 
. 


* © 
| | 
| 


10 44 14 


| 
| 


27 30 


A 


| 


+ to — 
+ 


12,4 1 


21,5 


1 753 
| 27 
ZIP * 
15 30 
16 3 
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EXPERIMENT XIV. May 26. 
Weights in —— position. 
- -g 
„ 83 | h. oy A 
16,1 [9 18 0 
n 
Is 
| 16,1 49 © 16,1 
Weights moved to positive pp 
977 1 
23 10 © \| 
Ba 12 1 16 „ 
= * - 5 22,37 
22 1 5 
| 2g E on 
„ INT fr. 
-t - | 9 
18,3 | | — 5 by: 2,65 b | 
.26,8 = 0 * 22,75 
2621 |} : = - — 22,85 
„„ *.. * Ry 
. 43 40% EY 
„ * 2 43 32 
8 23,15 | 
22 49 BY 
: „ 
„ E | 


Weights moved to negative position. 


— 8 25 
| 17,02 | 
|... 1.7 


[4 
? 
þ 
[' 
! 
FJ 
4 
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— — — 


4 — 
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Extreme ivisions. | Point of Time of mid. 


points. eke I | rest. | of vibration. 


5 , 5 3 , —— 1 ” = 


„ „ - - 1 | 


13,6 i - -- - .» | Joy 
FFT 
„ 

17 | 57 53 


19.5 | 5 
ww | {<4 : 00-0 


c — Aa 


_ 58 44 
8 = } FE} 


Motion of arm by moving weights from— to + = = 6,27 
| . + to — = 6,13 

Time of vibration at + = 7 6" 

— 7 6 


In the next experiment, the balls, before the mnction of the 


weights, were made to rest as near as possible to the sides of 


the case, but on the contrary side from what they did in the 
gth, 10th, and 1 1th experiments. 


EXPERIMENT XV. May 27. 
| Weights in negative position. 
3,35 1 -- | 9,61 


as | - | r 


1 19.5. 
Motion of the arm 
Time of vibration 


DS 7 | n 6,34 
a = | . "7 * 
The two following experiments were made. "by Mr. 3 
who was so good - to assist me on the occasion. 

EXPERIMEN T XV 1. May 28. 

Wei ghts in gon ve potion. 


TT . [£6 68 | 15,09 | 
Wi - 1H, TR 
9,2 S | | ls 
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"EXPERIMENT xVII. May 30. 
Weights in negative S 


17,2 10 19 
17,1 18 
17,07 29 
17,15 40 
17,45 49 
17,42 51 
17,42 [11 1 


00000 9 5 


12 
_—_ 


I 
0 


Time of vibration „ — 
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17,42 


— 
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On es Method 7 — the Dont of * Earth from. these 
een ArgQtia on on 1 


n at algal this, on the supposition that the arm urin 
and copper rods have no weight, and that the weights exert 
no sensible attraction, except on the nearest ball; and s 


W 
| 1 8 1 > £3113 12 


then examine what corrections are necessary, on aocount 6 of 


the : arm and rods, and some other small causes. 


the time of a vibration. 


The distance of the centres of the two balls From each other ; 
is 73,3 inches, and therefore the distance of each from the centre | 


--- motion is 36,65, and the length of a pendulum vibrating : se- 


| conds, 1 in this climate, is 39, 14; therefore, if the stiffness of the 


whose length is 36,65 inches, that is, in I, Bt $5 geconds; and 


| therefore, if the stiffness of the wire is such as to make i it vibrate 


in N seconds, the force which must be applied to each ball, in 
order to draw it aside by the angle A, is to the weight of the 


ball as the arch of A x * 755 555 to the radius. But the ivory 


39-14 
scale at the end of the arm is 38, 3 inches from the centre 
of motion, and each division is 28 of an inch, and therefore 
subtends an angle at the centre, whose arch is 22g; and there- 
fore the force which must be applied to each ball, to draw the 


_ The first thing is, to find the force required to draw the 
arm aside, which, as was before aid. is to be determined by by 


wire by which thearm is suspended is such, that the force which 
must be applied to each ball, in order to draw the arm aside by 
the angle A, is to the weight of that ball as the arch of A to tlie 
radius, the arm will vibrate in the same time as a pendulum 
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cm ue by one dim, s 9 the weight ofthe bull 


& £2 to 1, or 25 FHN to 1. a Sn * 16 : { WO. 9 | N * 


The next thing is, to find eee eee 
of the weight on the ball bears to that of the earth ther 
aupposing the ball to be placed in the middle of the case ase, 1 
is, to be not nearer to one side than the other. When the 
weights are approached to the balls, their centres are 8 85 
inches from the middle line of the case; but, through inadver- 
tence, the distance, from each other, of the rods which « support 
these weights, was made equal to the distance of the centres of 
the balls from each other, whereas it ought to have been some- 
what greater. In consequence of this, the centres of the weights 
are not exactly opposite to those of the balls, when they are ap- 

proached together; and the effect of the weights, in drawing the 
arm aside, i is less than it would otherwise have been, i in the tri- 5 


plicate ratio of 2% b to the chord of the angle Whose sine is 
3,85 


Fe; r in the triplicate ratio of the covine of + this * 
the radius, or in the ratio of, 977g to 1. | 


Each of the weights weighs 2439000 grains, ind ben 
is 3 in weight to 10,64 1 feet of water; and there- 
fore its attraction on a particle placed at the centre of the ball, 
is to the attraction of a spherical f foot of water on an equal par- 


| ticle placed on its surface,as 10,64 * 9779 N to 1. The : 
mean diameter of the earth is 41. 800000 feet; and therefore, A 

if the mean density of the earth 1 is to that of water as D to one, 
the attraction of the leaden wei icht on the ball will be to that 


* In strictness, we ought, instead of the mean Hameter of the e earth, to take the 


diameter of that sphere whose attraction is N to the force of gravity in this eli 
et but the difference is not worth regarding It aids oat off « 
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o th earth thereon, as 10,64 x1 


: 1 to 8739000 _— 
n is shewn, therefore, that the force which must be applied 


to each ball, in order to draw the arm one division out of its 
natural position, is 552g of the weight of the ball; and, if be 
. ˙ irater as 20 2, the wt 
traction of the weight on the ball is ; _ 55 of the weight of 


jp 200 
that ball; and therefore the attraction will be able to draw the 


arm out of its natural potion by 222255 or or 288875 divisions; 


and therefore, if on moving the weights from the midway to a 
near position the arm is found to move B divisions, or if it 
moves 2 B divisions on moving the weights from one near po- 
sition to o the other, it follows that the density of the earth; or D, 


— 


is 6585 F. FEET 3 5 

We must now consider the e < ctions which x must be ap- 
plied to this result; first, for the effect which the resistance of 
the arm to motion has on the time of the vibration: ad, for 
the attraction of the weights on the arm: 3d, for their attrac- 
tion on the farther ball: 4th, for the attraction of the copper 
rods on the balls and arm: 5th, for the attraction of the case 
on the balls and arm : and 6th, for the alteration of the attrac- | 
tion of the weights on the balls, according to the position of 
the arm, and the effect which that has on the time of vibration. 
None of these corrections, indeed, except the last, are of much 
signification, but they ought not entirely to be neglected. 
As to the first, it must be considered, that during the vibra- 
tions of the arm and balls, part of the force is spent in accele- 


7 þ > W 2 _ 


\ * : 1 ; \ LY . * 2 * 
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ns * eee Txperimen . | 


— to draw them 6 out of their 1 position, we OE 


the. 


and balls bear to. each other. configs 
Let EDC ede (bg. 4) be the arm. Band ö the b balls C 
. ˙ The 2rin'coneicw of 4 parts; frat # all = 


rod De d. 798 inches long; ad, the silver wire DC d, weigh- 
ing ag grains; gd. the end pi 
Ivory | vernier 1s faste 
b 4th, some brass WC 15 at the centre. The deal rod, EL 


| dry, weighs 5920 grains, but when very damp, as it commonly 


.. nnn the thickness BA, and 


ions: of the part DE ed, being the same in all parts; 


middle, and, 146 at the end; and therefore, if any point 4 (fig. 


Ae. 9d zaum Art ernoj;; 
f | 2400 K 33 
ken in 4, e, 5 i called, this rod weighs fer 


4048 i 
as » 3 
per ineh ann ee end, 1 =, _— = 


eee 
N 


N = per meh, the deal rod and wire together may be considered 


#4d SL £f 


| as a rod Whose weight at 7 = : per inch. e 8 


73.3 


But the force required to accelerate any quantity of ** 


placed at , is proportional to a˙; that is, it is to the force re- 
quired to accelerate the same quantity of matter placed at d as 
211 and therefore, if c d is called I, and 4 is supposed to 


; lb es ts i bg». 1 * 
. LEI * " * 1 * " * " 
l 7 \ N - . . 
- l 4 


which the forces spent in accelerating the . 


jeces DE and ed, to which the 
ed, each of which weighs 45 grains; and 


was during the experiments, weighs 2400; the transverse sec- 


hut the breadth B diminishes gradually, from the middle to 
the ends. The area of this section is ,33 of a square inch at the 


at 75 J and therefore, as the weight of the wire is 


flow, the fluxian of the force requized to gecelerate the deal rod 


* 


2 
* i 


. — Earth.” 313 
* tz X 13490 —1848 4 
md e lõ proportional to —.— Ef ah fluent which 
generated while x flows from eto d. = 2558 = BR 8505 


so that the force required to aceclerate each half uf the deal red 


and wire, Denn e 350 grains 


Placed at E 

The recietance to mot 00 of each of the pieces de, is equal to 
_that of 48 grains tat d; as the distance of their centres of 
gravity from C is 38 inches. The resistance of the brass work 
at the centre may be dis regar ded; and therefore the whole force 
required to accelerate the arm, is the same as that required to 
accelerate 398 grains placed at each of the points D and d. - 
Each of the balls weighs 1 1262 grains, and they are placed at 


and therefore, supposing the time of a vibration to be giv 


1,0g53 to i 


To find the attraction of the Ss on the arm, Si d 
draw the vertical plane d b perpendicular to D d, and let u 


be the centre of the weight, which, though not accurately in this 


plane, may, without sensible error, be considered as placed 


therein, and let b be the centre of the ball; then ww bi is Horizontal 
and = 8 Bs, and d b i is vertical and = = = 555 3 ; let W a= a, wW b = = 


b, and let 5 = or 1— - x = _ then the attraction of the weleht 
on a particle of matter at * inthe direction do, i is to its attrac- 


tion on the same particle placed at h:: b*:a* + 2* or is pro- 
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the same distance from the centre as D and d; and therefore, the 
foree required to accelerate the balls and arm together, is the 
 Satfieas'if each ball weighed 11660, and the arm had no weight; 

en, the 
force required to draw the arm aside, is greater than Tis arm 
had no weight, in the N of 12000 U to 11268, or a 


- — * 
— ü x.x.ß1.üũ%ꝛ p —˙—˙1⁰1—wP ,,,, 
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Portion! to xp and the force of that attraction to move 


| the arm, is proportional to e and the weight of the 
deal rod and wire at the point 2, was before said to be 


Ho per i inch; and therefore, if 4 z flows, 


the fluxion of the power to move the arm IA e 


DP X1—z e 
* z] e 
. 924 bK 8 


5 . 
2 Ne 2 " "WP * 


* 1 


> =2 821 + 9842 x 


—— __ 


Y * 
FNR a 


r . _— 924 b 22 2 i 
— Foe If) OE . —_ log. — and the force 


with which the attraction of the weight, on the nearest half of 
the deal rod and wire, tends to move the arm, is proportional 
to this fluent generated while x flows from ow, that is, to 
128 grains. N 

The force with which the attraction of the weight on KR 


. de tends to move the arm, is proportional to 47 x . 
or 29 grains; and therefore the whole power of the weight to 
move the arm, by means of its attraction on the nearest part 
thereof, — RE 157 grains placed at 6, 
which i by — or, oi gg of its attraction on the ball. 


It must be observed, that the effect of the attraction of the 
weight on the whole arm is rather less than this, as its attrac- 
tion on the farther half draws it the contrary way ; but, as the 
attraction on this is small, in comparison of its attraction on the 
nearer half, it may be disregarded. 
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— in the di- 
rection'þo, is to its attraction en the nearest dal : wa WD 

50017: 1; and therefore the effect of the attraction of the 
weight on both ball, is to hat of its attraction on the nearest 
A ball : 9989 1. F 
T6 lids amchen if the topper rod un tlie nearest ball, | 
let b and w (fig. 6.) be the centres of the ball and weight, and 
ea the perpendicular part of the copper rod, which consists of 
two parts, ed and de. ad weighs 22000 grains, and is 16 
inches long, and is nearly bisected by w. de weighs 41000, 1 
and is 46 inches long. wh is 8,85 inches, and is perpendicular 
to ew. Now, the attraction of a line ew, of uniform thickness, 
on b, in the direction bo, is to that of the same quantity of 


matter placed at w:: bw: eb; and therefore the attraction of 


the part da equals that of — or 16900 placed at w;. 


and the attraction of de vis yl of 41000 — 7 * N 47000 


x x7 'T; er 2500, placed at the same point; 8 5 


traction of the perpendicular part of the copper rod on b, is to 

that of the weight thereon, as 18800 : 2439000, or as ,00771 
to 1. As for the attraction of the inclined part of the rod and 
wooden bar, marked Pr and rr in fig. 1, it may safely be 

neglected, and so may the attraction of the whole rod on the 
arm and farthest ball; and therefore the attraction of the 

| weight and copper rod, on the arm and both balls together, ex- 

ceeds the attraction of the weight on the nearest ball, in the 


proportion of ,9983 + ,0139 + „007 to one, or of 1,0199 to 1. 
The next thing to be considered, is the attraction of the ma- 
— case. Now it is evident, that when the arm stands at 
30 2 


division, W robin of the 
case balance each. other, and have no power to draw the arm 
e e, — * — : 
2 eter loin than it oa oth 


wise be; but yet, if this force is 1 Wes 4 
te 49 the middle vision, i 


which the. arm is made to 5 jo is, dimin | 

proportion, the Square of the time. of a vibration vill be in- 
creased in the same proportion as the space by. which the arm 
is drawn aside, and therefore the result will be the same as if 
the case exerted no attraction ; but; if the attraction of the case 
is not proportional to the distance of the arm from the middle 
point, the ratio in which the accelerating force is diminished is 


Main wy A . _ 2 — a 


different in different parts of the vibration, and the square of 
the time of a vibration will not be increased in the same pro- - 
portion as the quantity by which the arm is drawn aside, and ; 
therefore the result will be altered therebr. 5 
On computation, I find that the force * which the attrae- 

tion draws the arm from the centre is far from being propor- 

tional to the distance, but the whole force i is so small as not to 
be worth regarding; for, i in no position of the arm does the at- 
traction of the case on the balls exceed that of ith of a spheric 
inch of water, placed at the distance of 1 inch om the centre 
of the balls; and the attraction of the leaden weight equals that 
of 10,6 spheric feet of water placed at 8,85 inches, or of 234 
spheric inches placed at 1 inch distance; so that the attraction 


of the case on the balls can in no position of the arm exceed 


. 


de of that of de weight. The rer er m the! 
Appendix. „ 93 ag |! 4139s 
"Mk Bo. abs. St” 4d & Bp: 


draw the arm aside one division, is greater than it would be if 


1 the arm had no weight, i in the ratio of 1.0339 t0 1, and therefore , 
= —_ of the weight of the ball; and moreover, the attne- 


tion of the weight and copper rod on the arm and both balls 
together, enceeds the attraction. of . M ria e- ; 


in the ratio;of'1,0199 to 1, nc theveſty 


= F739000D_ 


weight of th bll; consequently D is really equal to brane” 


10333 - 
ere r — instead of pA! as by the . 
computation. It remains to be pee "how mach oaks 
affected by the position of the arm. ite 961 S291 19 
Suppose the weights to dvds ta ** Nhe V 


(fig. 7.) be the centre of one of the weights; terM be the centre 


of the nearest ball at its mean position, as when the arm is at 
20 divisions; let B be the point which it actually rests at; and 
let Abe e the point which it would rest at, if the weight was re- 
zently; AB is the space by which it is drawn 
re of the attraetion2. and let Me be the space by 
which it would be drawn aside, if the attraction on it was the 
same as when it is at M. But the attraction. at B̃ is greater 


than at M. in ** proportion, of WM": WB'; ; and therefore, : 


AB = Me N = MAN UÞ, very r nearly. 
Let now the e be moved to the contrary near . 


and let 0 be now the centre of the nearest weight, and b the 
point of rest of the centre of the ball; mn K 1 * 


5 2Mͤ B 7 
A: and Bb =MP « 2 + 7 + aw = 2M > 14+ 7 80 


- of te 


518. Mr. — — * — 


that the whole motion Bb is-greater than it would be if the. 
Ne e eee eee eee 


in the ratio of i 42 > to one; and, therefore, does not depend 


sensibly on the plate of the'arm, in either position of the 
5 — hecho A on the quantity” of i its TO, by mw_y ; 
This variation aste en Uu 
time of vibration; for, suppose the weights to be approached ' 
to the balls, let W be the centre of the nearest weight; let B 
and A represent the same things as before; and let æ be tbe 
centre of the ball, at any point of its vibration; let AB repre- | 
ent the force with which the ball, when placed at B, is draun 


towards A by the stiffness of the wire; then, as B is the point 


of rest, the attraction of the weight thereon will also equal AB; 


and, when the ball is at , the force with which it is drawn 
towards A, by the stiffness of the wire, = Ar, and that with 
n the contrary direction, by the attraction, - 


AB * CET o that the actual 5 OA it is drawn to- 


| wards Ao Ag 
| Bz — S242 


5 AB xW -——_—_ x, 2 


bee eee eee 


which By den is drawn towards the middle point of the vibra- 
tion, is less than it would be if the weights were removed, in 


the ratio of 1 — one, and the 9 a; the time of a 


vibration i is increased | in the ratio of 1 to 1— N ; which differs 


very little from that of 1 as LING Gd which i is _—_ ratio in which 


the motion of the arm, by my the weights from one near 
Nn to the other, is increased. 


» 
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The motion of the ball answering to one division of the arm 
ke. and, if m B is the motion of the ball answering to 


= 20x 38,3 
MB 36,35d _ 
d divisions on the arm, WII 257 . f and there 


ſees, the Wie of vibration, ard motion of the Arin, mus? be cor- 
rected as follows: 

heme. edn. in ciated day an 
which the weights are in the near position, and the motion of 
the arm, by moving the weights from the near to the midway 
poxition, is d divisions, the observed time must be iminished 
in the subduplicate ratio of 1 === to 1, that is, in the ratio 


of 155; to 23 but, when it is determined by an experiment 
in which the weights are in the N pariſon, no correc- 
tion must be applied. «| 1 

5 To e the mais of the iris e by inn the 
weights from a near to the midway position, or the reverse, 
observe how much the position of the arm differs from 20 di- 
visions, when the weights are in the near position: let this be 
n divisions, then, if the arm at that time is on the same side of 


the division of 20 as the weight, the observed motion must be 
diminished by the = 7; part of the whole; but, — it must 


be as much Dm 
If the weights are moved from one near position to the other, 


| and the motion of the arm is ud divisions, the observed mo- 


tion must be diminished by the == 15 = part of the whole. 


If the weights are moved from one near position to the other, 
and the time of vibration is determined while the weights are 
in one of those positions, there is no need of correcting either 


the motion of the — or the time of vibration. 
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From this table it appears, that though the experiments agree 
pretty well together, yet the difference between them, both in 
the quantity of motion of the arm and in the time of vibration, 
is greater than can proceed merely from the error of observa- 
tion. As to the difference in the motion of the arm, it may 
very well be accounted for, from the current of air produced 
by the difference of temperature; but, whether this can account 


for the difference in the time of vibration, is doubtful. If the 


current of air was regular, and of the same swiftness in all parts 
of the vibration of the ball, I think it could not; but, as there 
will most likely be much irregularity in the current, it may vay 
bkely be sufficient to account for the difference. 
By a mean of the experiments made with the wire first used, 
the density of the earth comes out 5,48 times greater than that 
of water; and by a mean of those made with the latter wire, it 
comes out the same; and the extreme difference of the results of 
the 2g observations made with this wire, is only ,75; 80 that 
the extreme results do not differ from the mean by more than 
„88, or 1 of the whole, and therefore the density should seem 
to be determined hereby, to great exactness. It, indeed, may 
be objected, that as the result appears to be influenced by the 
current of air, or some other cause, the laws of which we are 
not well acquainted with, this cause may perhaps act always, 
or commonly, in the same direction, and thereby make a con- 
siderable error in the result. But yet, as the experiments were 
tried in various weathers, and with considerable variety in the 
difference of temperature of the weights and air, and with the 
arm resting at different distances from the sides of the case, 
it seems very unlikely that this cause should act so uniformly 
in the same way, as to make the error of the mean result nearly 
MDCCXCVI11I. 3 X 
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equal to the difference between this and the extreme; and, 
therefore, it seems very unlikely that the density of the earth 
should differ from 5,48 by so much as Fr of the whole. 
Another objection, perhaps, may be made to these experi- 
ments, namely, that it is uncertain whether, in these small 
distances, the force of gravity follows exactly the same law as 
in greater distances. There is no reason, however; to think 
that any irregularity of this kind takes place, until the bodies 


come within the action of what is called the attraction of co- 


hesion, and which seems to extend only to very minute dis- 
tances. With a view to see whether the result could be affected 
by this attraction, I made the gth, 10th, 11th, and 15th expe- 
riments, in which the balls were made to rest as close to the 
sides of the case as they could; but there is no difference to be 
_ depended on, between the results under that circumstance, and 
when the balls are placed in any other part of the case. 
According to the experiments made by Dr. Mane uns, 
on the attraction of the hill Schehallien, the density of the 
earth is 44 times that of water; which differs rather more 
from the preceding determination than I should have ex- 
pected. But I forbear entering into any consideration of 
which determination i is most to be depended on, till I have exa- 
mined more carefully how much the preceding determination 
is affected by irregularities whose quantity I cannot measure. 


- ab,= 
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APPENDIX. 


On the Attraction of the Mahogany Case on the Balls. 


THe first thing is, to find the attraction of the rectangular 


plane c I Bb (fig. 8.) on the point . placed in the line ac per- 
pendicular to this plane. 


1 


Let ac a, 4 =b, b , and let = — and —— 


= 


TP; ; and therefore, if c b Hows, the fluxion of the at- 


: traction of the FR. on the point a, in the direction c b, 


9 F Vere © VJ 4 Fore e, 
the variable part of the fluent of which = — log. 0+ vVIFP, 
jd. - 69 


and therefore the whole attraction = log. =—— — x gry; 0 
that the attraction of the plane, in the direction c b, is found 
readily by logarithms, but I know no way of finding its attrac- 
tion in the direction ac, except by an infinite series. 


The two most convenient series I know, are the following: 


First series. Let =, and let A = arc whose tang. is , 


B=A—w, C=B + = D= 0.75 &c. then the attrac- 


Cw?# WW 
tion in the direction ac = , — 8 aA + IEEE 91 


&c. 
3K 2 


r 
=, then the attraction of the line b gon a, in the direction 


— 


of 4 2 "#5 T7 1 . — a0 
3 TW : P oY 6 5 9 5 ; p & * . NING . WA — * g — 7 — 
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For the second series, let A arc whose tang. == B=A—Z, 


1 rz ei den de attraction=are. go? 
| 412 + TA „Sc. 


1＋ * 9 2.4 2:4.0. 
ſt n dd e that the first series fails when - is 
greater than unity, and the second, when it is less; but, if ö is 
taken equal to the least of the two lines c and cb, there is no 
ease in which one or the other of then may not be wood com. 
veniently. 


| By the help of these series, I computed the following table. 


EEG 2 D 55 —— 8150. 


00277100521 L 
00406[0077 801 189 7 
08a e 01 52302008 1 ö 

0189602405 324 | | 
00207/0077201.399/0983 031 16996405057] 5 
009 100018 10002807 93778 04867, 06319 081 19 E 
0027110101 9/02084,03193/04368[0 05639 07478109931 1284 
| 00284 105402 1350334704560 5975 7978 * 14632 ese 


„00074 
001 10 
| 20140 


Find in this table, with the argument — r at top, and the argu- 


ment © in the left hand column, the — logarithm; 3 
then add mw this logarithm, the logarithm of © 7, and the lo- 
garithm of < = ; the sum is logarithm of the attraction. 


525 


the Donxity of the Earth. 
To compute from henee the attraction: of the ease on the 


ball, ler the box DCBA, (fig. 1.) ir whiek the ball plays, be 
divided into two parts, hy a vertieal section, perpendicular to 
the length of the case, and passing throught the centre of the 
ball; and, in fig. 9, let the paraNlclopiped ABDE abde be one 
of these parts, ABDE being the abovementioned vertical sec- 
tion; let æ be the centre of the ball, and draw the parallelogram 
unn x parallel to Bd D, and zgrp parallel to g B bn, and 
bisect BJ in c. Now, the dimensions of the box, an the inside, 
are Bh=1,75; BD= 3.6; BG = 1,75; and GA =5; whence 
I find, that if z c and G are taken as in the two upper lines of 
the following table, the attractions of the different parts are as 
set down below. 


—__ 


VVV 
S To 1089 Py - 1,55 1 98 
8 Excess of attract. of Ddrg above Bbrg „2374 . „0813 
— ndrp above br p, 237451614 ,„ 0818 
8 — — n, above naspß 3705 2516 ,1271 
Sum of these 8453 „5744 2897 
Excess of attract. of Bbn g above Ddm?9| , 5007 ,3271 | ,1606 
8 Aang above Ee mo 77 3079 | ,1525 
Whole attraction of the inside . = ES 
of the half box = =) 1231 | 0006] ,0234 


It appears, ht. that the attraction of the box on æ in- 
_ creases faster than in proportion to the distance 7c. Ts 
The specific gravity of the wood used in this case is 6 1, and 
its thickness is à of an inch; and therefore, if the attraction of 
the outside ___ of the box was the same as that of the in- 
side, the whole attraction of the box on the ball, when cx = ,75, 
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t can never be so great 
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as this, as the attraction of the outside surface 
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is rather less 


as ,75 of an 


motion of the arm is only 14 inch. 


0 ou 


than that of the inside; and, moreover, the distance of x from c 
can never be quite t inch, a 


the centre of the ball. In reality, 
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XXI. An improved Solution of a Problem in physical Astro- 
nomy ; by which, swiftly converging Series are obtained, which 
are useful in computing the Perturbations of the Motions of 
the Earth, Mars, and Venus, by their mutual Attraction. To 
which is added an Appendix, containing an easy Method of 
obtaining the Sums of many slowly converging Series which 
arise in taking the Fluents of binomial Surds, &c. By the 
| Rev. John Hellins, F. N. S. Vicar of Potter's Pury, in North- 
amptonsbire. In a Letter to the Rev. Nevil Maskelyne, D. D. 
F. R. S. and Astronomer Royal. 


Read June 28, 1798. 


REVEREND SIR, Paotter's Pury, April 17, 1797- 


Socn is the subject of the incloced paper, and such the repu- 
tation for skill and industry, which the many valuable papers 
you have communicated to the Royal Society, and your other 
learned works, have justly procured to you, that it could not 
with more propriety be submitted to the judgment of any other 
person than yourself, even if the writer of it were a stranger 
to you. 
But there are circumstances which render my presenting it 
to you, in some measure, a duty. I had the advantage of being, 
for some years, your Assistant in the Royal Observatory at 
Greenwich; during which time, you made the important obser- 
vations on the mountain Scheballien, in Scotland, which afford 
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an ocular demonstration of the attraction of that mountain, and 
a strong argument for the general attraction of matter, a sub- 
ject nearly connected with that of the following pages; and it 

was from you that I received the problem of which * will 


bere find an improved solution. 


The diffidence with which I entered on a speculation which 
had engaged the attention of such learned men as SiMPsoN, 
EvLER, and DE LA GRANGE, is well known to you. Consi- 
dering the great abilities of these men, and the length of time 
which Eurxn, in particular, appears to have employed on the 

subject, all that I at first expected to effect was, to facilitate 
the summation of the slowly converging series by means of 
which they had computed the perturbations of the motions of 
the planets in their orbits, which arise from their actions on 
one another, by the force of gravity; and that this might be 
done by a method which I had some time before discovered, 
was evident, on inspecting their series. Here, it is probable, I 
should have stopped, had not you been pleased to put into my 
hands a sheet of paper, written by the late Mr. Siursox, which, 
though very ingenious, was, by mistakes, which seem to have 
entered in transcribing it, rendered unintelligible to some emi- 
nent mathematicians who had perused it; in which state it 
had remained thirty-six years. On perusing this paper, the 
first thing that occurred to me was, a different method of find- 
ing the fluent, from that which had been used by Mr. S1MesoN; 
by which means, series converging by the powers of ; were 
obtained, while the series brought out the common way lost all 
convergency by a geometrical progression, and a computation 
by it was more difficult than the computation of the length of 
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mmm -+ 
AT Sc. Afterwards, I discovered the method of trans- 


forming that series which had lost all convergency by a geo- 
metrical progression, into another in which the literal powers 
decrease very swiftly; which is the 1 I now offer 


to you. 


In comparing the series here produced, for computing the 
values of A and B in the equation (a—b x cos. 2)*= A +B. 


cos. 2 + C. cos. 22 + D. cos. gz ＋ Sc. with those which have 
been published for that purpose, by Messrs. EULER and DE La 
GRANGE, it will appear, that those cases which were the most 
difficult to be computed by their methods, are the most easy 


by mine. For instance, if Venus's perturbation of the motion 


of the Earth were to be computed, (and vice versd, ) the literal 


powers which have place in M. EuLER's series, would be very 


nearly equal to the powers of 2; the literal powers which have 


place in M. De La GraxGe's series, would be nearly equal to 


the powers of 4; and, in the series now produced, the literal 
powers would decrease somewhat swifter than the powers 


of >. 


M. Dr La GRANGE has indeed, by a very ingenious device, 
obtained a convergency in the numeral coefficients of the series 


that he uses, which, for the first five terms of it, is nearly equal 

to the powers of +; but this convergency becomes less and 

less in every succeeding term, and the coefficients approach 

pretty fast to a ratio of equality; so that, to obtain the sum of 

the series to six places of decimals, he proposes to compute 

the first ten terms of it. The case in which those coefficients 
MDCCXCVIII, 3 * 
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have that convergency, is when n (which answers to his s,) 
is , a case which does not often happen; however, from 
the values of A and B, when 7 = —— he derives their values 
when n 4, 2, &c. by another 5 ingenious device, worthy 
of that skill for which he is justly celebrated. But, by the me- 
thod now proposed, the chief part of the convergency is in the 
literal powers; and such a difference in che numeral cobil- 
cients, for a different value of n, does not take place. 
For Mars's perturbation of the Earth's motion, the literal 


powers by which the three different series . _—y 
as follows: * 


M. DE LA GRANGE S, 2 23 
The series now proposed, 1 


If, indeed, the perturbation which arises "PR the action af 5 
Jupiter upon the earth was to be computed, M. Dx La GRANGES 
series would be the best that has hitherto been published for 
the purpose, as the literal powers of it would, in that case, be 
» For obtaining nearly the different rates of convergency of the literal powers in 
the three series, it will be sufficient to consider the distance of the two planets of which 
the perturbations are to be computed, as = // (RR+rr—z2Rr xc, z), where Rand r 


_ denote their mean distances from the sun, of which R is the greater, and c, z the cosine 
of the angle of commutation. Then will M. DE La GRAN CAE's series converge by the 


powers of the quantity Ix and, since RR + Fra, and 2R r=b, in our notations ; 


and the converging quantity in M. Eves” 8 series is (u n) = =, i it will be = 


12 EL Th and c c, by the powers of which the new Series converges, is = 
RRe2Rr+rr _ (Rer)* 
 RR4zR7prr © (Rr) 
Belles- Lettres at Berlin, for 178 1, p. 257; M. EurzR's Institutiones Calculi Integralis, 
Vol. I. p. 186; and Art. 4, in what follows. 


22 
* 


See the Memoirs of the Royal Academy of Sciences and 
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nearly equal to the powers of , while the literal powers in 
the new series would differ but little from those of 24. So 
that, for computing the perturbation of each of these three pla- 
nets, we now have series converging so very swiftly, that the 
first four terms are sufficient for the purpose. 

These indeed are the perturbations of motion, arising from 
the actions of the planets, which the inhabitants of this globe 
have most frequent occasion to compute. And, since two of the 
three are most easily calculated by the method explained in the 


following pages, I am not without hopes that I have rendered 


an acceptable piece of service to astronomers in general, and 

more especially to those who are most intent * improving 

astronomical tables. ” 

But it may be proper to remark, that the use « the new series 
is not confined to the computations just mentioned, but may 
successfully be used in computing the perturbations of the mo- 
tions of other planets. For instance, in the computation of 

the perturbation of Saturn's motion by Jupiter, (and vice versd,) 
the convergency of this series will be nearly by the powers of 
Tr; which is a swift rate of convergency. And, for the pertur- 
| bation of the Georgium sidus by Saturn, (and vice versd,) the 

series will converge nearly by the powers of 3, which is also 
swiftly. 
And it is further to be remarked, that in the last instance, 
and indeed whenever the radii of the orbits of the two planets 
differ from each other in the ratio of 2 to 1, M. Dx La GrANnGE's 

Series. may be used with advantage, since the convergency of 

the first five terms of it will then be nearly by the powers 

of P: the numeral coefficients of those terms converging as 
g Y 2 
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swiftly as the literal powers do in that case. And, when the 
ratio of the two radii is greater than that of 2 to 1, his series 
will converge more swiftly. 

With great pleasure therefore I see, that, by one or other 
of these methods, some of the longest and most difficult 
calculations which formerly arose in the theory of astrono- 


Wy, * now be exchanged for others which are short and 


iti is with satisfaction cho; that I perceive the hiclity of com- 


puting by the series I now present to you, is not at all less- 
ened by the more general notation you have given to the 
denominator of the fraction from which it is derived, at the 
same time that a more accurate result is obtained than M. Dx 
La GRANGE proposed. For, in the computations of which I 
have been speaking, he neglected both the excentricities of the 
orbits of the planets, and their inclinations to the ecli ptic, as 
inconsiderable: you, finding the effect of these omissions to be 
greater than he imagined, have taken them in. Your other 
ingenious labours on this subject will be best described by your- 


self, and cannot fail of . gratefully received by all learned 
astronomers. 


With respect to the method by which the sums of the very 


slowly converging numerical series, which occur in the sub- 
sequent pages, are obtained, I need not say to you, that it is 


of extensive utility, and may be — applied i n many 
cases. 


I have only to request, that, if the paper here inclosed meets 
with your approbation, you will communicate it to the Royal 
Society. For, although I think I cannot be mistaken re- 
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specting the utility of the invention explained in it, yet such 


is my respect for that learned body, that I am unwilling to 
send them any paper of mine, on so difficult and important 
a Subject, till it has been examined OP an. able _ of the 
—ͤ— 

& am, 

Rev. Sir, &c. 


JOHN HELLINS. 


An Oy Solution of a Problem in ee Astronomy, &c. 


1. The perturbation of the motions of the planets in their 


orbits, by the action of one upon another, is a curious phæno- 


menon, which, while it affords to the philosopher a clear proof 


of the general attraction of matter, produces a problem of no 
small difficulty to the astronomer ; viz. to compute the quan- 
tity by which a planet, so acted upon, deviates from an ellipsis 
in its course round the sun : a problem which hath called forth 
the skill of several of the most learned Philosophers an astro- 
nomers of the last and present age. 


A preparatory step to the solution of this — i is, to find 
a convenient expression for the reciprocal of the cube, or ra- 
ther of the n power, of the distance of any two planets. Such 


an expression was first given by M. EULER, in series proceed- 
ing by the cosines of the multiples, in arithmetic progression, 
of the angle of commutation; but the calculations of the first 
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two coefficients in it were very laborious, requiring the sum- 
mation of series of the common form, which converged very 
Slowly. Afterwards, other series were discovered by other 
authors, whereby the same coefficients might be computed with 
less labour; the best of which, that IJ have seen, appear to be 
those that were pointed out to me by Dr. MASKELYNE, in- 
vented by M. DE La GRANGE, and published in the Memoirs 
of the Royal Academy of Sciences at Berlin, for the year 1781. 
Yet, the calculation of the two first coefficients, A and B, for 
the perturbations of Mars, Venus, and the Earth, by his me- 
| thod, is not shorter, if it be so short as by my method, to the 
| investigation of which I now proceed. 


PROBLEM. 
8 To determine the values of A, B, C, D, &c. in the equation 


: * 2 (ATB. cos. 2+C. cos. 22 1D. cos. 325 Sc.) 


[Ty cos. 2) 


2 being the arch of a circle of which the radius is 1, and b less 
than a. | 


First, to find the coefficient A. 


3. The fluent of the right-hand side of this equation is Ax 
IB. sin. 24 C. sin. 22 4 D. sin. gz + ZE. sin. 42, Fc. 

which evidently vanishes when z=0; and, when 2 2314139, 

Sc. the arch of 1800, it becomes barely = A x, the sines of 2, 

22, 3, Sc. being then each = o. If, therefore, the fluent of 

the first side of the equation be taken, the increase of it, while 
x increases from o to 3 14159 Sc. = x, will be = mA; and, 
congequently, A will be determined. 


* See M. Eulzs's Instilutiones Calculi Integralis, Vol. I. p. 150. 


* AS 
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4. Now, to find the fluent of I — y we have n N 


a 


VU) (4— = - 
expressions, while 2 increases from o to 314159, 4 will de- 


crease from 1 to — 1. Therefore, to obtain a more convenient 


"PR 4 -b. 
expression, put vv * 
42-5 44 


n 


being put = the cosine of 2; in which 


then, while 7 decreases from 1 to 


— 1, vv Will increase from = 1; and we shall have 


the following equations: 


2 vv, (a—bz) "=(a+b) , EHE, 
, 2. eee 2 
e R 
a—(a+b)vv _ b—a+(a4b)vy — a+b Ko 7 
0 . n= 8 


— (i— vr); 


1 — 1 — 1 — 
a+b a—b a 
＋ 7704 . 
these equations, the three following are ally 3 viz. 

vV(1+z) VOme)=v(F (10) x kekse 5 
. Ae n⁰. (vv—cc)); and, 


n _ 3 — 
N- * ee CI N= usch) 


1 | | 2 


(I-) bh Ty Ne. vr (vv—cc) c 125 


and, lastly, 
(a+b)"" > Nb m=" 5 the fluent of which may k be found 
when the value of u is given. 

5. Now, the values of u with which astronomers are most 
concerned, are 2 and g. Let, therefore, 3 be written for u, and 
the radical quantity V (1—vv) be converted into series, and 


the last expression will be 
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2 vs 
= . —— Ow 30722 2 75 244.0 = + = 8? Sc.) 


= . 
==(a+b) TX 4 h 7 
" vs 
* Et (1+ +=T = _ + _ Sc.) 
And the fluents of these several wi, * their coeffi- 
_ cients, are as follows: : 


# 5x — 2 VC 2; 
* — 71 cc v 


Klee . 
y uw hf =H.L. Da; 


C. 
| —— — Foes e: 
ren 2 act þ 
IDN ee Ur : 
Y Teen "_ "4 Is — 
F —— v*+5ecy * 3: 
, : Ten . 1 3re=I TT 
&c. 


These fluents, = g multiplied by their proper ll 
and collected gots, and the whole multi plied by the com- 


mon factor 470) 2, the fluent sought will be 


2/ (vv—c c) 


* | c c v | 
| (a4b) * +« 44 e 23 7 L f f S. 


6. We must now RO what value this series has when 


4 — 5 
2 o; in which case, z being = 1, py is cc. And 


it will appear that, with this value of vv, every term of the se- 
ries vanishes, so that the fluent needs no correction. If, there- 
fore, we compute the value of this series when z x, i. e. when 


= —1, and vv = — = 1, we shall have the value of Ar, 
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and consequently, A will be determined. But, with this value 
of v, the terms ©, 5, J, Se. lose all convergeney by the geo- 
metrical progression v, v, v, Sc. and the computation of the 
value of the series, by the common method, would be more 


laborious than the r N of the agg arch of the 


circle, by the series 1 Þ IT "+ 25 7 > „Sc. Here then 


we are stopped. But, by contemplating this series, expressed 
in terms of « and c, as it stands below, a very different method 
of obtaining the value of it is s suggested 


7. 2 
2 Cum — e 3cca oe 
© = 3:54 (10) 3 28 
46 7 4.6. R . 1 
222 3:5-74/ (1—cc) , 3+5-7.5cc Ver) 3. 2 7.5. . — 
50 = ee ee ee. 
3.522 e T e e eke &c. 
46.8 * 46.8. 10.8 | 4.0.8. 10.8.6 46320084 
Se. — oF | Se. &c. 


Here it appears, ist. That the geometrical progression 1, cc, 
c Sc. has place in the first, second, third, Sc. columns of 
quantities on the right-hand side of the equation, the terms of 


which, when b is nearly = a, decrease very swiftly. 


adly. That, in the diagonal line of quantities in which « en- 
ters, besides this decrease of the terms, by the literal powers 
before mentioned, the numeral coefficients are so simple that 


a considerable number of the terms may r be com- 

puted. 

Jqdly. That, if this diagonal line of quantities be taken away, 

the first, second, third, &c. infinite columns of quantities which 
MDCCXCV11I. 32 


4 by — 
—_ - - - 
— — — — gow — 
— wy 2 NX 
rr — . — — 
— — —— . 4 1 rs — — - — — — 
” —— 4 — - * Y — — ho 
4 —— — — — 
— * 


1 
— <0 —_. —ñ—j— ' — 


— ——— a — 
— * r EL — A. a 
— . oo —— — - — 
8 — > 
PR — 


— 
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remain will have the literal factors 70 cc), ci cc). 
i- cc), &c. respectively, which are in the — 
before mentioned. _ 
Athly. That, if the sum of the infinite : series of 4 co- 
efficients below the line, in each of these columns, can be ob- 
tained, then the original series, which had lost all convergency 
by the literal powers v, v', *, &c. may be transformed into 
two others, in which the literal powers will be ct, Ve. © 

8. But the sums of these infinite series are attainable, and 
are as follows : 


OY 3.5 : 3.5.7 1 
ad T 4+0.4 * 7.5.3.5 +  46.8.10.8? Se. is F 


. +. i 4 80 H. L. 2 = 
e + Hits eee 
» = Th rd Rs UI. = 
i + —— + 24+ ee ST, , Sc. . Wong dn; 
8 - FR 2 400 EL p;* 
A Sc. 


But these threes sums are as many as are requisite, when the 
| perturbation of the motion of either the Earth, Mars, or Venus, 
by the attraction of any one of the other, is to be computed. 
9. The sum of the coefficients in the first, second, and third 


| 8 zee | 


columns in Art. 7. being now obtained, take | page for the 
value of the series « (1 + = i + — -, Sc.), which will be 
exact enough for the babes and we shall have, 8 Art. 3, 5. 
6, 7, and 8, 


* See the Appendix. 
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2 L- 
cc 
nA=(a+b)* > + 2 


| +x/(1—cc) uc Alice 560 ＋ 1—cc); 


and thence, by a more commodious arrangement of the terms, 


and dividing both sides by x, 
6c 
— n 
N co) (= kee e 
10. The value of A, when 1 = 2, being now found, let us 


next investigate the value of it 45 n ; which, for the 


sake of distinction, in a use to be made of it in a subsequent 
article, I denote by A.. 


By writing 3 for n in the fluxionary expression obtained in 


Art. 4. we have (a + bd) : x STR which, by 


converting the radical quantity A SER into series, becomes 
(a ＋ 5) „ D Ss + + == &c.) 


2.4.6 — 
2 0 “ 1 
g N | _ 
| 3 2 ＋ 282 15227 
+ — 1 * + Se 


"AS. 4-0.8.10? 
Now: the fluents of these terms, "aithout their coefficients, 


are as follows : : 


= (a+6) "x 


ov | is 3 (vv — cc) + 2 (vv cc) . 
Voce): :. ,,«7r0.]7r. 
222 | PINE (u- cc). | 
Coe e 


H. - v + n 


75 g 


Tr 3 —.— — — =C: and the regt 


. 
%, 


as they are exhibited in Art. 5. 
3L 2 


— — — 


—— 
= © « "is: - W 
L — 1 - EIS "iy - - 
3 ᷣ— 7 = = — 2 o 
—— WILEY — ©, RESTS, = — — 0 anc - * — 2 — 
— — — . — — — — — — — — — — — — — — — — — 


DDr 
1 — — — — > * 


23 
— — 
—— — 


is, to compute the series in which a, E, , Sc. enter, which 
may be overcome in the manner shewn above in Art. 7. For 
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These fluents being multiplied by their proper coefficients, 
and collected EY and their sum multiplied by the com- 


mon factor (a + b) * „ we shall have 


< Abe A 2 — 
| 3 3 30 * cv 


4. + = Le 22 5+ 2521 Sc. 
which fluent needs no RS. since, when v = c, the whole 


| vanishes. The value of it therefore, when v = 1, willbe=A'r, 
which is what we want; and, in obtaining it, the only difficulty 


the value of this — when v 1, will be as follows : : 


in Art. 7, we may easily obtain the values of as many of the 
infinite columns of quantities on the right-hand side of the 


Here, by attending to the same thin gs which were observed 


equation as are wanted; which, for the planets Mars, Venus, 


the Fo and some of the rest, are but three. 
The value of the series, of which a is the factor, VIS. 


as + 15 + 4 — „Ee. . will be obtained sufficiently near 
96 — 23 ce 


ſor the purpose, by this expression, —— ba co 


«, which is some- 


what more exact than the three first terms of it; and the infi- 
nite series 


35 0 = Aer 

Yea 46.2 25 hs — 476.2 

2 3.5. 7 ccc) + 35-7. EIT) 7 ee. 

4.6.8 y= 463g 45.8.4. 476.842 
T 3.822 Lee ** 3 2 — (1ce) © = 3-5-7-Je5<3 4.6 Sc. 
4-6.8-10 * 4-68. 10,6 4.6.8.10.6.4 4-6.8.10.6.4.2 | 

3-5-7-9.11 3:5-7. ä + 3-5-7-9-11. ann 22.11 9 (30?) Sc 
8.31012 4.5. 8. 10. 12.8 7 8. 10. 12.8.6 4.6.8. 10. 12. 8.6.4 5 
—B: Sc. N Se. 
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3-5 422 22 e 9.11 : 
4-6.2 * 4.6.8.4 P 3-6.8.10.6 T 4-6.8.10.12.8* Sc. is 


2. + 3-5:7-95 _ + 3e$+7-9-31-7 _ Sc. is 


468.42 4.6.8. 10.6.4 4.6.8.10.12.8.6” 


== + H. L. a = H, 


1 3.8.2011. Se, 5 
4 46.8. 10. — ＋ 2 8. 10. 12. = 8.6? &c. = 


3-5.7-9-5-3 
4.6.8. 20.6.2 


_ <=, * 22H. * 2 =*. 
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5 We therefore now have 3 T cc +picey/ (10) | 


35 for a near value of the infinite Series — « + 


— * 25-7 — Yo Sc . 
13. Having thus obtained a sufficiently near value of the in- 


finite series which entered into the fluent, in Art. 10, we have 
only to add to it the three radical terms there hd, v being 


put = 1, and to multiply the whole * (4＋ 7, and we shall 
have 


2 + 44 (1=cc) + Ati) : 


| 555 * Jee cc 
ene 


ER 

which equation being more * * and divided 
by) , gives 

4 g6—23cc 

| 128 — 84cc 


PT TOY 


L 


= (a+b: 


See the Appendix. 
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Secondly, to find the Coefficient B. 
14. Multiply the equation in Art. 2. by 2 cos. z =2 &, and we 


shall have = 57 Ax cos. 2 +B x 2 cos. x xcos. 21 10 x cs. 2 


x cos. 22+D x a cos. 2 Xx cos. 32, Sc.); which, because 2 cos. 
* cos. M2 is = cos. (m—1)z ＋ cos. (m ＋ 1) z, will be = z 
(2A.cos.z+B(1-+cos.2z) + C(cos.z+ cos. 32) + D(cos:2% 
+ cos. 4 z), Sc.) * And, by taking the fluents, we have 


2 * =2A. sin. z +Bz+5 B.sin. 22+C (sin. x ＋ sin. * 


+ D (2 sin. 2 2 +3 1 sin. 4 =), wo $ Which equation, when Z= 
e BZ B T, the 


3 14159, Se. = = 7, becomes 


Gr = 
sines of x, 22, 32, Cc. being then o. 
| 15. Now it appears, by the notation in Art. + that - 2 5 F 
_ | 2001 2 | 
===) == (a+b)" x ==. cc) and that 2 = * 
IN we therefore have, by proper substitution, 
223 — 2 ö 209 J 
-b .= Cs 2 85 Nr 9 1 
— 3 S os 


Tan n—I * Air) Ire -c) 
of which t two fluxions the fluents may be found, when 7 has 
any particular value. - RE 5 

16. First, let n be 3 ; then the last expression in the pre- 
— i — K — . — — 1 * 
e b(a Tb ivy) (vu-cc) bla+b)z. 
Now, the fluent of the affirmative part of this 


yf (1—vv) — TH 
expression is evidently == x « the fluent of the fluxion in Art. * 


* See Sineson's Miscellaneous Tracts, lemma I. p. 76, 
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that is, = - Ax; and the negative Py by converting uur) 


into series, wil Ez vv 1 3 
become * — = (1 += + 3 2 + 
3-5 v* 


2.46” Sc.); the fluent of which appears, by Art. . to be 
Nerd « +& +£ 2 ＋ 2 5 + =, Se.), which will vanish 


4-6.8” 
when v=c, and Sd needs no correction and, when 
= 1, the series, without the factor, will be as follows: 


2% =2& 
Cm ISSN | 5 
: „ . . 
3 | 1 3y/ (1—cc) = 1 a 
3-5 3-5y/(1—cc). 3 55 
285 4.6.6 4422 . : , &c. 
35-7  __ 3-5-7 /(1—cc) , 3-5-7-7cc 24 2 3-5-7-7- 8 
= 4688 + [5506 4 = + 75886 „Sc. 
Ss. -- Sc. Sc. Sc. 


Now, the sum - the infinite series 
T * 4-4 * 7 * 76.530 © Sc. being = = 2 H. 1. 2 =p, 


4-4-2 4-0.6.4 46.8. 10. 10. 80 
EI 1 21 1 22. 1 221% 
of ee 4-6.6.4.2 + 4.6.3.3.6.4 * 4.6.8. 10. 10. 8.6 T 4-6.8.10.12.12.10.8? Sc. 
An Se. 
= YT 2 H. L. 2 r, &c. Sc. 


By proceeding as above, in Art. g, a sufficiently near value 
of the whole series will be obtained i in this expression, 


32 —IOCC 


cc) (e cc + Tc); and this, multiplied 
by its proper factor, gives 


of 3:3 += 4&6. + 25 + _3:5-7-9e9 Sc. being = "YR 


had — 1 


— Rus, oe Wee ed 24 1 . n — — 
— —— — — 


— — — nw " 
mubatcoaewroa.c =. — 


—— —— — Hp——v— —— ——r—— — 
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_— KA {Ee 

213.2 + VO) 64 1 905 for the * part 
of the fluent sought. And since, by Art. 14, this fluent is 
= Br, we have, by _ both sides 1 = 


4 6 — | 
BSA 4— 4  T6—gee © 


272 7 Th L+V/(1 . nn + re) which 


is its value when n = 2. 

1 We are next to find the value of this coefficient, Akin 
; which, for the sake of distinction, I denote by B'. 
wi this value of u, the fluxionary expression in Art. 1 5, be- 
1 „ I 2 e . 
W N= ec) Ni y/ (1—vv) Nee 
which being compared with the fluxions in Art. 5 and 10, it 
will ; opp nt the fluent of the former part, when V=1, is 


= Ax, and that the fluent of the latter part is = 5 Ar: 
which fluents, taken together, are, by Art. 14. BY 7. Th ere- 
fore we have TD A= 7 TRE A). 


comes 


Thivdly, to find the values of CG D,E, Sc. 


18. The values of the coefficients Aand B being now found, 
corresponding to the values of u 2 and £, we might proceed in 
the same manner to find the value of c. For, if the equation 

in Art. 2, be multiplied by 2 cos. 2 2, and cos. (m—2) 2 + 
cos. (m + 2)z be written for 2 cos. 22 x cos. M2, it will become 


= =Z(2Axcos.22+B (Cos. 2 + cos. 3 2) + 


C (1 + cos. 42) + D (cos. z + cos. 52), Sc.) And the sum 
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of the fluents on the right-hand side, when z x, will become 
barely Cz= Cx. Therefore, the fluent of the left-hand side 


of the equation, when z = x, or of - T — — ,when.c=1, 


or of tee a+b)* v+ . — — = 
v=1, will be = Cr. The fluent of this fluxion, it is evident, 
will consist of three parts, the first and second of which, be- 
ing = 3, are obviously attainable from the values of A and B 
above found in Art. g. and 16.; and the third in series similar to 
those which have been given in the former part of this paper. 
It is evident also that, if n be , all three parts of this fluent 

are attainable from the values of * two coefficients already 
* found, and C' would be = — 2A + (Ba B). 


19. And in this manner may the other coefficients, D, E, 
F, Sc. be determined. And since the cosines of gz, 4z, &c. 


are = 4 — 3, 84 — 8 + 1, Cc. respectively; and since 


T = 2 2 it is din that the numerator of the fraction 


into which the fluxion in the preceding article is to be multi- 
plied, will be always of this form, viz. p+qvv+rv*+ , Sc.: 
from which it follows, that, if the values of A“, A, A, Sc. cor- 
responding to n, n—1, 1—2, Sc. be computed, the values of 
C, D, E, F, and all the rest, may be found in terms of A“, A, 
A, &c. with the coefficients a and b. But, since the easiest 
method, that has come to my hands, of computing the values 
of C, D, E, &c. after A and B are found, is explained in M. 
EvLER's Institutiones Calculi integralis, Vol. I. p. 181,“ I shall. 


when 


» * The coefficients 2, 3, and 4, after 2 C sin. 3 D sin. and 4E sin. in line 8 of the 
page above referred to, are wanting; and — is printed for + before 2 C, in line 13. 
And there are press errors in many other places. It is to be regretted, that so exccl- 
lent a book was not more correctly printed. 
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not pursue this method any further ; but, having examined his 
process, and corrected the errors of the press which occur in it, 
now give the equations expressing the values of C, D, E, F, &c. 


which were obtained by that method. 


20. For the sake of brevity, let ; then will the — 


values of 8 D, 2 F, Sc. be expreaved by these equations: 4 


2242241 
C = . 
= (n+1)B—4dC 
D= 13 | 
(n+2) C— — 4 
E = — 
2 
Þ = — 1 —3 — 


Ec. 
where the law of conti nuation is very obvious. And the parti- 
cular values of these letters, when 7 = = +, 25 and 2, will be as 
expressed in the following columns : | 


n=L | n=3 | n=< 
—4 4 4 B — 6A — 44 B ＋ 10A 
e 
=<=D 5 e c 
3 | WY s | 


21. The solution of the problem being now finished, it may 
perhaps be satisfactory to the reader to see how the sums of 
the very slowly converging numerical series, which arose in 
Art. 7, 11, and 16, were obtained; the investigations of which, 
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because they would have detained him too long from the im- 
mediate subject of this paper, if they had been inserted in it, 
are given in the following Appendix. 


„ APPENDIX To THE FOREGOING PAPER: 
Tn which the Method of obtaining the Sums of the very slowly 


converging numerical Series which are used therein, and of 


many others of that Kind which arise in the Fluents Bino- 

mial Surds, is explained and illustrated; and some Observa- 
tions, tending to facilitate and abridge the Computations of 
the Coefficients A and B, are added. 


1. As the Sums of the 1 very slowly converging numerical 5 
series, which arose in Art. 7, 11, and 16, of the preceding paper, 
are not exhibited in any book that has come to my hands, and 


as series of that kind frequently occur, I conceive that the fol- 
lowing method of obtaining their sums will be acceptable to 
the lovers of mathematics in general, and particularly to those 


who have frequent occasion to use the sums of such series. 


And, having observed, while considering the literal expressions 
in the preceding paper for the values of A and B, that others, 


no less accurate, might be derived from them, by which the 
arithmetical operations would be facilitated and abridged, I 


thought these observations might likewise be acceptable to those 
who are engaged in the theory of astronomy, and have inserted 
them also in this paper; which, therefore, consists of two prin- 
cipal parts, the summation of the Slowly converging Series, and 
the observations now mentioned. 
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I. The Summation of the slowly converging Series. 
2. But, before I begin the investigation, it will be proper to 
premise a few particulars, an attention to which will shorten 


and facilitate the operations now to be performed. 


I—y4(1—yy) — 1++Y/(1-y)) 
oe That Tr * deing "LS 1-99) * r = N. 


is = * from which it follows, that H. L. of ; 


1=+S0=2) ;; * 
7 NN -= N = $ I. L. e 


* That the fluxion of H. L. 


1+ Nu i — 7e = 


— =, For it is = the fluxion of = H. L (1 + 19 50 


= 0 I * ＋ 7 3 and, if both numerator and de- 
nominator of this expression be multiplied by 1 — = (1— 7 Y)> 

1 N 
it will become F * Js 2, which is = - Nu 
— +. 

WEE 
gdly. That the H. lk ITT is therefore = = 
. 

— + + EL, + r Sc. 

s That, 2 being put = V/(1—9)), the fluxion of 
= will be = KI r + n=). For it will be * — 28 
2 i _ nj=52) — _ (n —1) 5 
= FL 


„ 7 55 . 
3 OY | 
= al +583) = 


zthly. That, when any quantities, as | # 2 ＋ 2 = : i n . 


are circumscribed by a parallelogram, it denotes that a substi- 
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tution for these quantities has been made in the same equation 
in which it occurs, and consequently that they are no longer to 
be considered as part of that equation. This I have found to 
be better than cancelling, as it answers the same end without 
obliteration. | 1 

We may now proceed to the summation of the series before- 
mentioned, in which the utility of what has been premised will 
quickly appear. 

3. As it does not seem necessary to set down the operations 
of computing the sums of all the series which arose in the pre- 
ceding paper, I will make choice of the summation of those 


which occur in Art. 11, they being the most difficult, as the 


properest examples to illustrate this method. 


It is well known that the exprexsion 7 ET is — 2 5 EY 


2 "24 — 8 HH 


from which equation we have — 22 — — 2 ; y=5 — jy 


(1 —7,) 


1A = 55 + 3:5259 + 2222 „Sc. Now the fluents of 


4 46.8 4.5.8. 10 
ee 1 5 LU | A [FL 3 HI 
the terms on the A Sig — a 
frat ane A +; + Cn zur 
7 ON 2% St Egan T 0-9) 


3-599 I ZX I 3:5:7-99% 
on the second side, the fluents are ——— + 2 "TV + 


such as 75 ON 


To 100) T5692 


4-6.8.10.6? 
&c. And, to find whether these two expressions are = each 


other, or have a constant difference, we may compute their 
numerical values, ) being put = any small simple fraction, 
either of which values of y is a very 
convenient one for the . But an easier method to dis- 


— 
by 1 bY 1 — — ” 2 us - <5 _ - "4 + — p 2 p 
_ 5 . — 8 
8 — — — — —— e 8 We — GE 
1 — « — = A - p a> EE 2 — - — 2 - « : = = — — _ 4 — — > 9 — —— — — — — — —— _ - -—o—_— — — 
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cover the constant quantities which lie concealed in some of 
the terms on the first side, is to convert that side into series, by 
the binomial theorem; which will then be as follows: 


e ＋ TN &c. 
W rien e. 

+= = Tx 77 me MF 29 

＋ 4H. L. N 8 | —4H.L. 2 14255 „Sc. 


The sum is = S © SL 2H. L. 2, +55 + 35-y*, &c. 
which evidently differs from the series on the second side by 


che constant quantity 7; 4 H. L. 2. We therefore have, by 
subtracting this constant quantity from the first aide, 
2 =LU=9) _3y/(1=90) +3 3 H. . 


55 88 = 3800 oo 
— —S - =o 4.6047 e 
4 + 290 NT IC . 5 ES 3 


hich when y becomes = 1, becomes 

* * +3 3 H. L. 2 5 + 382 22 G. 
R "T7 =p ry, 15 4.6.8.4 4.0.8. 10. 
which is the series denoted by * in Art. 12. of the e preceding 


Paper. 7 
- If the equation of fluent in the preceding Article be di- 


vided by 5, and if 1 = o be then taken from both sides 


of it, and u be written for H. L. we shall have 


— __ LUA — | 
6 40 T 75 


7 * 
+ 2959 ＋ = 77 — 167 15. 


And, if this equation be put into fluxions, and Q be written 
for J (1=yy), for the sake of brevity, there will be 


TIE 2») * 


3 3-5799y 3-5-7-9 119" os 
75 Z 4 4.0.8.10.6 Tse 
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t 
TT T 77 2 [+ 2|— 3uy 


RR 490 
8 49 J. 
1 
+ 1 — 4 — — 99,8. 9573959 4 28222 
1 2 y* gy -..- 8. 4-6.8.4 46,8.10.6 


6.8.10.12 8 
And this equation, more concisely expressed and divided * 7. 
= a} 
— 5 e . 

. 


+ 8 5 7358 „Ec. 


v 


1 — 3.52.39 3:5-7-9.5.59? 3-5-7-9.11.75y* 
+[=-— | 27 25 = oj = © + EEE + 852 19.12.8 „Sc. 


Now the fluent of the series on the second side of this equation 
is found, by the methods which have been long known, to be 


32222 3-5 . . 1 3.8.7 2.11.25 
3 ＋ 52259 + IT Sc. and the fluent of 


the terms on the first side will be very easily obtained, by the 
following assumption, and attention to what was Shewn | in Art. 
2. of this paper. 

For the fluent of the terms on n the first side of this equation, 


assume 
A= N. (+8) 
+— + + * 5 . L. 95 then will the fluxion of this 


* 10 


„3 8 
* y * | [+ 7 + 40 
54 3b 8 eee 
N re xn 
op | * 
9 


3 5 , which bg put = the first side of 
SS 2 


the foregoing equation, there will arise as many simple equa- 
tions for determining the coefficients a, b, c, Sc. as there are 


letters of that kind in the assumed fluent, from which their 
values will easily be found. For there will be 


6 = ==, from which a ==>, 


oe o. 


The variable part, therefore, of the fluent of the first side of the 


above equation is 


2 be 


| I 
+ A TT += TA — 3399 


Now, to discover the constant quantities which lie concealed i in 
this expression, we must proceed as above in Art. g. 
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i= wht: 55 + u oa Sc. 
A e _ + 12. +535 — T 12. 23 c. 
— — 2 i We. 
=+S/m= EL ds Clos 
1 

The sum is 3 1 N 1 * ** e 


which exceeds the series above found, by the constant quantity 


= We tnerefore now have 

Q(= va =" IE. = | _— « 4 | —_ +) 
V 1 3.5.7395 3-5.7-9.5 y* 
+> 1 95 "op 5 32575 „ ö * SHIRE + 


A * Sc.; and when y becomes = 1, Q being then 


Do, and u H. L. 2, this equation becomes 


3 222 2822.5 3•5.7.9·11.7 
ws 6.8.4.2 A 76 8.10.12. FT ad 


which i is the value of in At. 12. of the preceding paper. 
JE | the last literal equation be divided by I, and 3:57:39 


4-0.8.4.2 
_ TEEN be then taken from both sides, we shall have 
o 113 
Q (= — e +»(dpb ke} 
+ 5 . We TO 7 


” nay * 89* : 2259" 9 £13 
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4. 3:5:7:911t73% . 3:57-9-11.1399% oo. 
. .8.10.12.8. THE 46.8.1012. 14. 10. 8 Se. | 


_ which equation, in fluxions, gives 


0 +j= 45“ 2 


*** ä 
E22 | 22 1.2. + 3.5.7.9. 11.13. 9.7 j y* Ge 
4.6.8. 10.6. 4 46.8. 10. 12.8.6 4.6.8. 10. 12. 14. 10.8 ; 


And 8 equation, more concisely expressed, and divided by 7. 


81254 ky A — 555 — 5 (42 N 


ns I 8 
+(- = 8 r 3 = 


22222 J. 422477. 1. 22.211.122 
4.6.8. 10.6.4 ＋ 4.6.8. 10. 12.8.6 — 4.6.8. 10. 12. 14. 10.8 Sc. 


Now the fluent of the fluxionary series on the second side 


$-7-9-5-399 1__ 
of the equation being obviously the series Tray * 


2211.2. 4. 32.2.1113. N take the 
4.6.8. 10. 12. f. 6. 4 = 4-6.8.10.12.14.10.9.6” Ge. WE. Jew. Next iO take the 
fluent of the expression on the first side, and to correct it, that 


it may be = this series; which may be done as follows: 
For the _ _ assume 


27 +3 + 7 ＋ 57 37 * 2 75 + I 


+ i -+3- + ES + 2H. L., and take the fluxion 
of this 5 = will be 


eee = 
b 
"+ 8 — * * 
4 


3 
Our assumed fluent, therefore, is 


IH WS 105 \ 
2 1. | 48.89 © 7.75 oi) + (24 +-+ 8.8.8 


+ oi, 7427 * 17 . — 71255 *, which may be cor- 
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K . — — - 2 


| rected in the manner shewn in the two preceding Articles, or 


more expeditiously, as follows. 

It is pretty evident, from the correction of the fluent in the 
preceding Article, that the constant quantities which lie con- 
cealed in this fluent, will appear in those terms only, (When 
the radical quantity (1-959). and the logarithm u, is ex- 
pressed in series,) in which the index of y is 0. Thus, the a 
stant quantities will appear as below. 


=—_— ci ic. OW. 
The 5th term of == N . Jr 8.12 * 3.65 I: = * 16.16? 


—95y/ (199) : 3 
The ath term of - 22.169 © bs 748 == * 1 12.16. 87 


1 e =25/ (1-29) ;. 75 _X 75 
The gd term of —— s 7 x By © T1616” 


| =195V/01=39) ; 1 EE I 
The ad term of © 3.877 is 8.8.8 * 255 4.16.16 ? 


and the terms in _ the index of Y is o, in the logarithmic 


105 


part, viz. [35 + 25 3 5 Ge (25 3" LEE. +a 


are these two, = wh 775 17 = 7 76» 


WS: 
Ci09p 6.206 * 
1023 


4096 


and 
The sum of these SIX fractions i is . The equation of fluents 


theref ore is 


—35 ; TC 105 | : 0. | 
265252 — IS 1 " 161699 © ; 8.87% + i FE Ye 32yy 8.8.3} 
'« HR 1023 ( C 

pe e L og 7596 = the Series 
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3-5-7.9-5-395 1 22211282 + 3.5.7.9.11.13.9.7 2 
4-6.8.10.6.4.2 4-6.8.10.12.8.6.4 


which, when y = 1, becomes 


& 24. 3 
H. L. 2 (3 ＋ 35 ＋ U = 329 H. L. 2 
| + R + - _ 12 1023 12288 1 512 


4.5.8. 10. 1a. 14. 10.8.6 Ec. 


8.12 16 4096 
422282 3-5-7-9-11.7.5 3-5-7.9.11. 13.9.7 TRUE 
= 4.6.8.10.6.4.2 Bas Þ 4681012304 T 46310041008 Se. Which is 


the value of in Art. 12. of the foregoing paper. 

These three examples, I conceive, are sufficient to illustrate 
this method of summing the slowly converging numerical series 
which arose in the solution of the problem in the preceding 
paper. The three series of which the sums are now investi- 
gated are, as was before observed, the most difficult to sum of 
all that arose in that solution; so that, whoever understands 

what is done here, may, with great ease, compute the sums of 

the rest of the series which are found there, and of many others 
of this kind, which arise in the solution of problems. 


ö 


it 
19 
1 
1 
ji 
| 
1 
I: 


—— 3 
In — 


——ů— — 


II. Observations, rending to facilitate and abridge the numerical 
Computations of Aand B in the preceding . 


” 
- . * N — 
— — 
— * U UUU—U—U— A · 7˖˙ «4 ²˙ ˙w 1 „„ 


—— = 
— 


6— r + Ai. a. — 
— 


6. The radical factor \/(1—cc), in the literal expressions of 
the values of A and B, may be taken away, by multiplying the 


cc c c 


other factors by its equivalent 1271 + - , in con- 


sequence of which, other expressions will be obtained, better | 
adapted to the purpose of numerical calculation. This will ap- 

pear by the following operations. 

The product of (1 — cc) x the * factor i in the ex- 

pression of the value of A, in Art. g. of the e preceding pa per, 

will be 


—_— SY 


— 4 * m 
on — — —— — — 
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— + a+ pee+ * 


— 1 . 
— Tc Ac 
„ — 1 
where e, J,. and g, are are = =a—1, 3 and JET TRENT TAE | 
respectively; in numbers = o 1931472, 01036802, and 
00687064, - respectively. And this expression, which is evi- 
dently more simple than the former, is somewhat nearer than 
that to the value of the whole series, as will appear to any c one 
who shall compute the value of the next coefficient. 
7. In like manner, the product of the two factors in the E 
value of A, in Art. 13. will be 


J Je 76. Tee 


„ Page 


e +ſec + ge, &c. 


. ele 
— 2 cc — 25 & | Sc. 
I 
— 


which expression also is more simple than that from which it 
is derived, while the accuracy of it is not less, as is pretty evi- 
dent on inspection. And, that the numerical values of 6, i, 
and E, are very easily attainable from the values of , A, and „, 
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given above in Art. g, 4, and 5, of this paper, is very obvious. 
In a subsequent Article, these values will be inserted. 

8. And the product of the two factors in the value of B, in 
Art. 16, may also be exchanged for a more convenient expres- 


sion, by a like process. 
P + occ + TE 
cc © 
JO. * 1 8 8 . 
2 Sl - ccc ＋ 


— 3 =p+lcc+mo,&c. 
170 

which expression hs is more accurate than that from which 
it is derived, as well as more simple. The numerical values of 
and m, which are evidently given from those of p, c, and r, 
will be inserted a little further on, when we come to an example 
of calculating the values of A and B in numbers. 
g. The numerical calculation of the other member ales. | in 
which « enters, may be facilitated and abridged, by the follow- 
ing considerations. 
If c be put for the sine of an . * being 1 1, then will 

14 * (1— "wm be the versed-sine of the supplement of that angle, 


and —— er 5 will be = the tangent of half that angle; from 


which it follows, that the reciprocal of this quantity, viz. 


1+ ** N. is = the co-tangent of half the angle of which the 


sine is c. The common logarithm of ** rel 


be taken out from TayLox's excellent Tables, and quickly con- 
verted into an hyperbolic logarithm, by Table XXXVII. of 
Dopsox's Calculator. 


may therefore 


»These valuable Tables are computed to every second of the quadrant. 


—— —ͤ— 
—:. — — OAIAT — —— 
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a Ws 


cc c* 


* x + nec * 
— 1 ee e, 
n 
— r &f] 
where e, J, and g. are = a— 1. p—Lx—Z, and 3 
respectively; in numbers = 0:1991479, 01036802, and 
o·o687064, respectively. And this expression, which is evi- 
dently more simple than the former, is somewhat nearer than 
that to the value of the whole series, as will appear to any one 
who shall compute the value of the next coefficient. 15 
7. In like manner, the product of the two factors in the | 
e eee ered 


—* a Sc. 


Jer ++ w_ + x '+ cc * Py 


=L+Z+b+icche, 
Ge. 


3 


which expression also is more simple than that from which it 
is derived, while the accuracy of it is not less, as is pretty evi- 
dent on inspection. And, that the numerical values of 5, i, 
and E, are very easily attainable from the values of , ,, and „, 
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given above in Art. g, 4, and 3, of this paper, is very obvious. 
In a subsequent Article, these values will be inserted. 
8. And the product of the two factors in the value of B, in 
Art. 16, may also be exchanged for a more convenient expres- 
sion, o a like A 


>=p 2+ lee * n c. Ec. 
Lp * 
which expression ah is more accurate than that from which 
it is derived, as well as more simple. The numerical values of 
and m, which are evidently given from those of p, c, and r, 
will be inserted a little further on, when we come to an example 
of calculating the values of A and B in numbers. 
9. The numerical calculation of the other member also, i in 
which à enters, may be facilitated and abridged, by the follow- 
ing considerations. 
If c be put for the sine of an ok radius being 1, then will | 


| 4 4 5 1—cc) be the versed-sine of the supplement of that angle, 


and — -= will be = the tangent of half that angle; from 


which it follows, that the reciprocal of this quantity, viz. 
* * 2. 


is = = the co-tangent of half the angle of which the 
of A 1+ 2 —cc) 


sine is c. The common logarithm may therefore 


be taken out from TàavLox's excellent Tables, and quickly con- 
verted into an hyperbolic logarithm, by Table XXXVII. of 
Dopsox's Calculator. 


„These valuable Tables are computed to every second of the quadrant. 


— — 0 
_ —— ! —— 
- Ee ae _ 
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o. An expression of this kind, es, when c is the only va- 


2 quantity, consisting of several figures, and er and s are 
likewise long numbers, will be much better adapted to the use 
of logarithms, when putin this form, — : because the 


g=5= ce? 
multiplications of r and s into cc, or additions of their loga- 


rithms and taking out two numbers, are by this means ex- 
9 changed for the addition of the constant logarithm of - : the 


quotients and 2 once found, being constant numbers Thus, 


the numerical value of even - ee, where r and s are single 


'$=5ce? * 


8 figures, is more easily obtained a by 5: * i 0 than by the 
former expression. 


11. But it will appear upon trial, that the arithmetical value 


of any three terms PA gcc uc, in which B, C, and r, are 
constant quantities, and cc consists of five or six places of 
figures, may, in general, be more : easily obtained by logarithms - 


than the arithmetical value of = — X br — And, Since the dif- 


ference of the values of these * expressions is inconsiderable 


in the present case, I shall make no further use of the frac- 


tional expression; but observe, that the logarithm of ec, in 
the other expression, being found, tho logarithm of 7c* will be 


had, by adding to it the logarithm of © rec; ; for qcc « geccre. 


And, since the . of the numbers which stand in the 


places of q' and + 7 may be taken out and reserved for use, and 


the logarithms of cc and a, once found, will serve for all the terms 
in which these quantities occur, it will appear by an example, 
that neither many logarithms, nor many numbers correspond- 


* 


a Problem in physical Astronomy. 361 


ing to logarithms, need be when ont of othey toes, in cam: 
— 


12. It will now be proper, ah the literal expressions of the 


values of A and B have been exchanged for others which are 
more convenient, to bring the new equations together in one 
view, and, after that, to give an 22 of the numerical cal- 
culations by them. 


Paper, and 6, 7, and 8 of this, that 
4 3 Pp 1 72 +e +fec+ge 


$4649 +a+bacc+E ad 
"4 Mart ww tete * 
N Tent? + 3a + = 2 2 Lac 
3. B ee Fara 8 4 mou -_ 
. w_ 0 
4 B= (A2 A). 


| In * 3 the values of the coefficients are as follows : , 


ce = 20193 1472, 5 — 0 0823604, =r 3862944, 
F= = 01036802, i = 010551502, UI =0:3465736, 
eee La oogobgny, may — 


„ The constant mb which will be wanted, - in com- 
puting the arithmetical values of A and B, are those denoted 


by e, b, and e, which are given in the preceding Article; and 
the constant logarithms are the following, which are respec- 
tively set down to as many places of figures as are requisite. 
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It appears, by Art. 9, 1 10, 13, 16, and 17 of the preceding | 


these theorems, may now be proper. 


Mr. HeLLins's improved Solution of = 
01 1. = 78289087, L. 21. 


L. 2.=I87506, * 121 1.6989, 7. 
* 5 555 6 87 175 


| L. T7” = 0497 1-499". | 


14. " An example, to illustrate the method of computing 45 


Let it be required to compute A and B by the ist and gd | 
theorems, i in Art. 12. when the two \planets are Venus and the 
Earth. 
© This arithmetical wank 1 may stand as follows, i in aw co- 
lumns, the logarithms being in the middle, and the numbers 
corresponding to them on the two sides; where a distinction 
is made, which is too obvious to need any description. By this 
arrangement, a frequent mes of words, number, and o- 
— will be avoided. ee er 


» "All there constant en- are to be witen on fr of paper, for te take of 
— Ar IOFIFIOns 


a Problem i in physical — 
First, for the value of A. il 110 
_ Numbers.  - logerihm. wender. 
Here a= 1:5236,71 J* 0:1828,913 | Foy 
and b = 14451 744 c 7840,81 ; 
4 — 5 85, 11 2·8 949,805 
„ 4725,88 
M7 2-4223,450 


a 2 — 
_ 
— 


a — x rr ——ä— — 
———— ib... . 
you 


y — 1 
— * 0 
— —_— „„ —* — — — 2 = ” CEP — * 
— — 1 b = L , ? — — *** 
— ny — 
N 8 «att "an " 


—— —_— — 


— J — — — . * = * — — — — 
- — roo wee wade + too —_ . —ů— — — 
—— - — — 
4 — — oO —— b 
a 8 — 


— — 
* * 
wy n — 
3 Wil 


, 
— — 
= ö 
* gow 2 - — «ES ho 
— - 4 — 5 


——ͤ— 


— 3 * ws» * Ny — 
— u— aa Rs. -.. — 


: L -» | 1:8786,850 - 7362841 = —= 
A GE: 
— f ©0027 4 = fee | 


— 
— 


— 


r — „ %%% r Ew nd 
_ — — 
0 - 


—— — 


Sum of these two logs. F682 = _ . = 0:00005=go 
The sum of these four terms is © = = 75: e435. 
Having now found the value of the four terms = 7 Tee 
Tec, we must next bong the value of the three logarithmic 


terms a + Facc+ 7 al, which may * be done as 


i follows: 4 


: 
5 . 
ky 
: ” IS 
= 
1 k 
1 
17 
: + T3 
1 
.v 1 T 
' I 1 
| i | Is 
LY 
. 195 | 
5 70 
5 « 
N ; 
N 4 G 12 
1 
IN : 1 
£ 
1 
ö ; 
: : 
+ 
: + 
| £ 
: . 
. 14 
' 14 
4% ö 4 
. 
o 
1 1 
© © 7 
1 
. 1 2 2 j 
i \ KI 
: . 
ö ; 
q os - 


Half the logarithm of cc is T'211 1 gaoths sine of « 9? 21 
32-28; and half this angle is 4* 40 4614, the logarithmic co- 
tangent of which is 10869, 576; and this common logarithm 


_ ® I was favoured with these numbers by Dr. Mask ELTITNE. 
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reduced to an hyperbolic — by Table XXXVII. of 
Dopsox's Calculator, gives — 203028122 


Sum of thes two logs 739382 8 — o. 482 acc 
See = = 2218 ö 


— — 


5 8 
55 FP - — So 5 bes 


— three terms is- --. 288804: to which, 
add the sum of the four terms above found, 75 82435, and we have 


; 1 8g 788529 al the terms. 
044 * 1 — DOE F 
The diferene of th 8 0'6880,240 — 487555=A. 

The value of A being now l the computation of the 
value of B will be very easy, since, of the six terms wanted, 
| two are already computed, and the logarithms of all the rest 


are at hand. This operation may Stand as s follows, the loga- 
rithms 1 ni in a the e 
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1738630 =p 
oog = lee 


py. 000019 = c 
65 00562 =2& 


1 251975 ogg = acc 
Scc 2 50 FEELS 
Sum of these two logs. 692 0100049 = act 


© 0 8085,43 | 643479 = { six terms. 
„ T ö) © 7; 
Diff of these two logs. or 0750.9 516 _ 11887; = A 


= | 0.6880,240 
a = 0.1898,913 | 


Sum of these two logs. o. . 8709,13 2 49874 3 "ry 
0.795 1,840 - 629999 = = Aa—A 
— 0˙1411,141 
— (Aa — A) 962,981 863571 =B. 

We have now the values sought, viz. A = 4 8756, and 
B = 8 6357; and from these may the values of C, D, E, Sc. be 
easily found, by the equations given in Art. 20. of the preceding 
paper. I have set them down here only to five places of 
figures, it being evident, from the value of a — b, that the result 
cannot be depended on to more places than five, which, how- 

ever, are very sufficient for the purpose. 


ess Ms. Huxaas's improved Solution, &c. 


I have taken notice above, in the computation of B, that, of 
six terms wanted, two were ready, one of them being a con- 
stant quantity, and the other computed in the preceding ope- 
ration; and it may be remarked, that, if the two terms in which 


enters had been omitted, the difference in the result would 


not have been so much as 2 in the fourth place of decimals, 
which is inconsiderable. Therefore, of the six terms in this 
expression, two are given, and two more * need be com- 
puted i in this case. Wl 

And it may be further . that the term e is always. 
given in the expression of the value of A, and that the two 
terms in which c enters may be omitted, as that will occasion 
a difference in the result, of only g in the fifth place of de- 
cimals, which is quite inconsiderable. Of the seven terms, 


therefore, in Theorem 1. Art. 12. one is given, and four more 


only need be computed, when Venus and the Earth are the two 
planets of which the perturbations are to be computed. = 

15. My avocations calling me off from these delightful spe- 

culations, 1 must now put an end to this paper, without men- 


tioning. some other observations which I have made on this 
subject. TY 


May 6, 1797. 


C 567 J 


XXIII. — of a Substance found i in a Clay-pit; and of 
the Effect of the Mere of Diss, upon various Substances i im- 
mersed in it. By Mr. Benjamin Wiseman, of Diss, in Nor- 
Folk. Communicated by John Frere, Esg. F. R. S. With an 
Analysis of the Water of the said Mere. By Charles 
Hatchett, Esg. F. R. S. In a Letter to the Right Hon. Str 
3 Bart. K. B. P. K 


Read April 19, 1798. 


Tax substance I have inclosed was found near Diss, in a body 
of clay, from five to eight feet below the surface of the soil. 
All the pieces I observed laid nearly in a horizontal direction; 
and varied in size, from two or three ounces, to as many pounds. 
The colour of the substance, when taken fresh from the clay- pit, 
was like that of chocolate; it cuts easily, and has the striated 
appearance of rotten wood. The pieces were of no particular 
form; in general, they were broad and flat, but I do not re- 
collect to have met with a piece that was more than two 
inches in thickness: it breaks into laminæ, between which are 
the remains of various kinds of shells. The specific gravity of 
this substance, dried in the shade, is 1.588; it burns freely, 
giving out a great quantity of smoke, with a strong sul- 
phureous smell. 

By a chemical analysis, which I cannot consider as very 
accurate, one hundred grains appear to contain, 
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Of inflammable matter, including the small JOY 


of water contained in the substance — — 
Of mild calcareous earth 2 — 
Of iron — - - - - PS 


Of earth, that appears to be silex - — 36.7 


On tbe Effect of the Mere of Diss, upon various Substances. 
Observing, several years ago, that flint stones taken out of 

the Mere of Diss were incrusted with a metallic stain, I was 
induced to make some experiments, in order to discover the — 

nature or composition of this metallic substance. 


Nitrous acid readily removes it, dissolving a part, and leav- | 
ing a yellowish powder, which, washed and filtered, was found 


to be sulphur. Vegetable fixed alkali precipitated from the ni- = 


trous acid a ferruginous coloured powder, which was iron. 
With a view to determine what length of time was neces- 
sary for the formation of this metallic stain upon flint stones, 


or other substances, I inclosed in a brass wire net the follow- 


ing articles: flint stones, calcareous spar, common writing 
Slate, a piece of common white stone ware, and likewise a 
piece of black Wedgwood-pottery. After remaining in the 
water from the summer of 1792 to August, 1795, the flints and 
Wedgwood-ware had acquired the metallic stain in a slight de- 
gree, and the slate had assumed a rust colour; the other sub- 
stances appeared not to be at all altered. I was greatly surprised 
to find the copper wire that held the net, surrounded with a 
metallic coating of a considerable thickness; it was of a deep 
lead colour, and of a granulated texture. When taken from the 
wire, and ground in a mortar, it had a black appearance, inter- 
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spersed with very hard shining particles. The wire was evi- 


dently eroded, and this substance deposited in the place of the 


copper that was decomposed, somewhat . to the decom- 
position of iron in cupreous waters. | 


By repeated chemical analysis of this cn one hundred 


grains contain, of "Ow". vu of Sulphur, 16.6; of tron 13.3 
grains. 
I have never met with an account of the decomposition of 


copper, in waters impregnated with iron, in any chemical 
work; and, as iron appears to have a greater affinity to the 
vitriolic acid than copper has, (as is constantly evinced in the 
neighbourhood of copper mines,) it appears an anomaly in 
chemistry, that I am not adept enough in the science to ac- 


n. 


[The President and Couneil, thinking the effects of the 


water of Diss Mere deserving of further inquiry, desired 


Mr. WisEMAN would send some of the said water, for 
the purpose of examination. Mr. WisEMaNn accordingly 
sent a quantity of the water, accompanied by the other 


de described i in the — letter to the 
sident. ] 
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— . Diss, May 29, WY 
As the Society have a a wish, through Mr. Frere, 
to have some of the water in which the copper wire was depo- 
sited, which Mr. FRERE, at my request, laid before the Society, 
I have sent two gallons of the water of Diss Mere, (No. 1.) 
with a small quantity of copper cuttings, (No. 2.) which laid 
in the water, a few feet from the side, and six feet in 


depth, from the 7th of February, 1797, to the 20th of the pre- 


sent month, May, 1798. The pieces of copper, when laid in, 
weighed goz1 grains; when they were taken out, and washed 
from the mud that lightly adhered to them, preserving and 
weighing the scaly matter that came off, they weighed 2944 
grains, indicating a loss of 107 grains. Examining the pieces 
of copper, the same evening they were taken out of the water, 
LI observed a number of small crystals formed upon some of 
them, in the form of pyramids joined at their bases; these 
crystals lost their shining appearance, by the evaporation of the 
water of crystallization, in the warmth of the succeeding day. 
Whether they will be preserved in a journey of nearly 100 miles, 
is perhaps doubtful. No. g. contains two pieces of copper, on 
which the crystals were most abundant. No. 4. contains a 
small quantity of the substance formed upon the CONE; that 
came off in washing and in weighing it. | 
The town of Diss is principally situated on the NNE and E 
sides of this piece of water. The land runs pretty steep on the 
W and N of it, to the height of 40 or 30 feet: on the SE, 
the ground comes within a few feet of the level of it. The soil 
of the upper part of the town is a stiff blue clay; that of the 
lower part, to the SE, a black sand, beneath which it is a moor, 
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The water in the higher parts of the town is good; in the lower 
parts, it is a chalybeate, of which a specimen is sent, (No. 5.) 
No. 6. contains a quantity of flint stones, taken from the SE 
side of the Mere, where the water is shallow; many of which 
are strongly marked with the metallic stain, which "AP acquire 
by lying in this water a few years. 
The Mere contains about eight acres, and is of various depths, 
to twenty-four feet: from its situation with respect to the 
town, it may naturally be supposed to contain a vast quantity 
of mud, as it has received the silt of the streets for ages. In 
summer, the water turns green; and the vegetable matter that 
swims on its surface, when exposed to the rays of the sun, af- 
fords vast quantities of oxygen gas. I cannot help considering 
this process as having a considerable agency in the corrosion, 
and in the formation of the. metallic crust upon the copper 
deposited in this water. Some of this vegetable matter will be 
found in the water sent to the Society. Ch 
I intend to make some further experiments with different 
metallic substances, at different parts, and at various depths; 
but, as the process is slow, if in the mean time you, Sir, or any 
of the members of the Society, will have the goodness to point 
out any experiment you or they may wish to have made, I 
shall be very glad to contribute all in my Power towards the 2 
illustration of the subject. | 
I have the honour to be, Kc. 


BENJ. WISEMAN. 


The Right Hon. Sir Joszex Banks, Bart, 
E. B. P. R. S. 


4D 2 


572 Mr. HArchErr's Analysis of 

D The water, and other substances described in the foregoing 
letter, were delivered to Mr. HArcHETT, who had been 
previously requested, by the President and Council, to exa- 
mine them. The result of his examination is related in 
the following letter to the President. ] 


aher of the Water of the Mere of Diss. in Charles 
Hatchett, Eg. 


DEAR SIR, Hammersmith, Sept. 14th, 1798. 


'In consequence of the request which you and the Council of 
the Royal Society have done me the honour to make, that I 
would examine the water of Diss Mere, and the other substances 
sent by Mr. WisEMAN, I now hasten to acquaint you with the 
result of my experiments. 

The substances sent by Mr. WisEMAN are as follows : : 

Some copper wire, with a blackish grey incrustation. 

Water from Diss Mere, (marked No.1.) 

Copper cuttings, covered with a blackish crust, similar to 
that on the copper wire, (marked No. 2.) 

Some cuttings Similar to eve abovementioned, (marked 
| No. 3.) 

The paper, No. 4. contained Some of the black crust, de- 
tached from the cuttings. | 

No. 5. A quart bottle, containing some water from the 

lower part of the town of Diss, and called, by Mr. WiSEMAN, 
a chalybeate water. 
No. 6. Some flints, wh from the SE side of the Mere, 


where the water is shallow, and having (as Mr. WiSEMAN 
terms it) a metallic stain. 
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My first experiments were made on the incrustation of the 
copper wire, mentioned in Mr. WisEMAN's first letter. 

This incrustation was easily detached from the wire, and, 
being reduced to powder, was digested with nitro-muriatic acid, 
in a gentle heat: a green solution was formed, and there re- 
mained a residuum, of a pale yellow, which proved to be sulphur. 

The solution being diluted with two parts of distilled water, 
was supersaturated with pure ammoniac, by which, a few brown 
flocculi of iron were precipitated. The supernatant liquor was 
blue; and, being evaporated, and redissolved by sulphuric acid, 
the whole was precipitated by a plate of polished iron, in the 
state of metallic copper. The component parts of this coating 
were therefore copper, and a very small portion of iron com- 
bined with sul phur. 

I could not extend these experiments, as the whole quantity 
of the coating that I was able to collect, amounted only to 
three grains and an half.“ 
Ihe next experiments were made on the black crust of - 
No. 2, 3, and 4. 5 

This I found to be exactly the same as that formed on the 
copper wire; viz. it consisted of copper combined with Sulphur, 
and a very small portion of iron. 


„The copper wire, when the coating was removed, was kt flexible, ans the | 
surface did not appear unequal or corroded: this is commonly the case under such cir- 
cumstances ; for, when sulphur has combined superficially with a metal, the compound 
is observed to separate easily, so as to leave the metal underneath not injured in quality, 
and very little, if at all, affected in appearance. Those who diminish silver coin, make 
use of the following method. 

They expose the coin to the fumes of burning des. by which a black crust of 
sulphurated silver is soon formed, which, by a slight but quick blow, comes off like a 
scale, leaving the coin so little affected, that the operation may sometimes be repeated 

twice or thrice, without much hazard of detection, if the coin has a bold impression. 
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1 next examined the water of Diss Mere, (No. 1.) and I was 
at length led on, Step by step, —— ha analysis of 
the fixed ingredients. 
Before I made the analysis, I examined this water with cer- 
tain re-agents, and remarked the following properties. 

1. The water of Diss Mere has a yellowish tinge, and the 
flavour is rather saline ; but it has not any perceptible odour. - 
2. Prussiate of potash did not produce any effect. 

g. Acetite of lead produced a slight white precipitate. 

4. Nitrate of silver formed one, very copious. 

5. Tincture of galls had not any effect. 

6. Muriate of barytes caused a slight precipitate. EY 

7. Ammoniac, potash, and oxalic acid, severally produced 
preci ym when added to different — of this water. 


ANALYSIS. 


- Three hundred cubic inches of the water, by a gentle 
evaporation, left a = brown scaly . which 2 | 
38 grains. Y 
B. These 38 grains were digested i in dochel, without heat, 
5 during 24 hours, and afforded a solution, which, by evapo- 

ration, yielded muriate of lime, * y tinged by marshy ex- 
tract, 18 grains. 

C. Six ounces of distilled water were tom poured on the 
residuum, and, with repeated stirring, remained during 24, 
hours. By evaporation, this afforded muriate of soda, with a 
very small portion of sulphate of soda; in all, 10 grains. 

D. What remained was boiled in 800 parts of distilled 
water, and the solution, being evaporated, left of selenite 


1.70 gr. 
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E. The undissolved portion now weighed 2 grains, and was 
digested with diluted muriatic acid : a great part was dissolved, 
with much effervescence, and, being filtrated, afforded, by am- 
moniac, of alumine 1.50 gr. From this, I afterwards sepa- 

rated a very minute quantity of iron, by means of prussiate of 

potash. 

Fi. Carbonate of soda was then added to the liquor, and 
precipitated carbonate of lime 21 grains. 

G. The insoluble residuum weighed g. 30 gr.; and proved 
to be principally carbon, (produced by decomposed vegetable 
matter,) with a very small quantity of siliceous earth. b 

The result of this 29 was, therefore, 


grains. 


B. Muriate of line „„ ͤ ˙ ;ꝛ - 
C. Muriate of soda, with a very emal portion « of 
sulphate of Soda » > +. 
D. Selenite — - - „ 10 
E. Alumine, with a portion of i iron too mall 8 
be estimated - — „ - 3.4 
F. Carbonate of lime — „ 


G. Carbon, * a little siliceous earth „ 


„ 
Loss 2 30 


— — 
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It is worthy of notice, that the iron present was in s0 very 
small a quantity as not to be detected by any test, till it had 
been separated in conjunction with the alumine. 
The water No. 5, from Mr. WIsEMAx's account, does not 
appear to have been concerned in producing the effects which 
he has observed, and the quantity was too small to be sub- 
Jected to a regular analysis, I noted, however, what follows. 


ͤ—— — — — = 
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1. It has a very strong hepatic flavour and smell. 
2. A plate of polished silver, * into it, became black i in a 
few hours. 


3. It became faintly bluish with — of potash, after 
standing five or six hours. 

4- Tincture of galls produced a faint purple cloud. 

5. Solution of acetite of lead afforded a brown precipitate. | 

6. Nitrate of silver produced the same. 

7. Potash, and ammoniac, caused a Ma ipitate ; but that of | 
the former was the most copious. 
8. Oxalic acid produced a precipitate. 
9. Muriate of barytes had also a slight effect. | 
The water No. 5. cannot, therefore, be considered as a cha- 
ue (the quantity of iron contained in it being scarcely per- 
ceptible;) but it appears to be a water containing some hepatic 
gas, together with substances similar to those contained in No. 1 
From the above ex periments it is evident, that the water 
: No. 1. does not contain any of the component parts of the crust 
formed on the copper wire and cuttings, although it is certain 
that the incrustation took place during the immersion of those 
bodies; but, before I mention my ideas on this subject, I shall 
give an account of some experiments made on the flints, No. 6. 
These were coated with a yellowish shining substance, which 
appeared to me to be pyrites; and, as the flints could not have 
contributed any metallic substance to form this coating, I was 
enabled by their means to ascertain, whether the copper of the 
crust, formed on the wire and cuttings, had been furnished by 
the pieces of copper, or wy any thing in the vicinity of the 
water. 


1. I poured nitro-muriatic acid on some of the Aints, in a 
matrass, so as completely to cover them. 
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The en was rapidly dissolved, with much effervescence; 
and, when the flints appeared perfectly uncoated, and in their 
usual state, I decanted the liquor. 

2. A yellow matter subsided, which proved to be sulphur. 
3. Prussiate of potash produced Prussian blue; and the 
remaining part of the solution, being supersaturated with am- 
moniac, afforded an ochraceous precipitate of iron. 

- - The supernatant liquor did not become blue, as when cop- 
per is present, nor was the 2 — trace of it afforded by 
evaporation. 

Martial pyrites is, therefore, the only substance deposited on 
bodies immersed in the water of Diss Mere; and the oopper of 
the crust, formed on the wire and cuttings, was farnioted by 
those bodies. 

It is proved by the analysis, that the water of Diss Mere does 
not hold in solution any sulphur, and scarcely any iron; it has 
not, therefore, been concerned in forming the pyrites; but it 
appears to me, that the pyritical matter is formed in the mud 

and filth of the Mere; for Mr. WisEMan says in his letter, that 
ca the Mere has received the silt of the streets for ages.” Now 
it is a well known fact, that sulphur is continually formed, or 
rather liberated, from putrefying animal and vegetable matter, 

in common sewers, public ditches, houses of office, Sc. Sc.; 

and this most probably has been the case at Diss. Moreover, 
if sulphur, thus formed, should meet with silver, copper, or 
iron, it will combine with them, unless the latter should be pre- 

viously oxidated. 5 
The sulphur has therefore, in the present case, met with 
iron, in, or approaching, the metallic state, and has formed py- 
rites; which (whilst in a minutely divided state, or progres- 
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* during formation, ) has been deposited on bodies, such as 
the flints, when in contact with the mud. 
But an excess of sulphur appears to be present; ſor, when 
copper is put into the Mere, the sulphur readily combines with 
it; and, at the same time, a small portion of iron appears to 
unite with the compound of copper and sulphur, ie by 
the mere mechanical act of precipitation. 
The incrustation on the copper wire and cuttings is, in every 
property, similar to that rare species of copper ore, called by the 
Germans Kupfer schwirtze, (Cuprum ochraceum nigrum; ) and 
consider it as absolutely the same. In respect to the martial 
pyrites on the flints, there can be no hesitation; and, as in these 
two instances, there were evident proofs of the recent formation 
of ores in the humid way, I was desirous to ascertain the effect 
on silver. I therefore wrote to Mr. WiskMAN, to request that 
he would take the trouble to make the experiment; and re- 
ceived from him the — answer, . 24 the 
2 


A 


8 3 Diss, 8th September, 1798. 


« Immediately upon the receipt of your letter, (27th July,) 1 
laid some silver plate, and silver wire, into the Mere; the whole 
weighed 235.6 gr. I took it out on Thursday last, (Sept. 6th) 
and, after cleaning it carefully from mud and weeds, I find it 
weighs 242.8 gr.; an increase of 7. a gr. 285 
The silver plate you will find much tarnished, in some parts 
almost black; the wire is in many places fairly incrusted, 
which crust, upon the pressure of the fingers, comes off in thin 
scales. The whole appearance of the silver strongly indicates 
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che presence of sulphur, which I have no doubt 2 in 
every part of the Mere. 


« The peculiar smell of the mud gives me reason to sup- 
pose, that a great deal of hepatic air is produced; which, pro- 


bably, uniting with the iron held i in Solution in the water of 
the Mere, may account for the martial pyrites found on the 


flints. 


« By what affinity the copper wire, laid i in this water, is at- 5 


tacked, I am not chemist enough to determine. 
I have begun a set of experiments, with the view of pro- 


ducing the same effects upon copper wire by artificial means ; 


but whether 1 shall Succeed, I am not able at present to say. 
„ | am, &c. 


„ BENJ. WISEMAN.” 0 


P. S. By experiments I have lately made, I find tata gas 
precipitates carbonate of iron in the form of a black flocculent 


| matter; 71 parts of which are iron, and ag sulphur. 


The silver plate I found (as Mr. WisEMan has mentioned) 


much tarnished, and in many places almost black, but I could 


not detach any part of it. I succeeded better with the wire, and 
collected a small portion of a black scaly substance, which, as 
far as the smallness of the quantity would allow it to be ascer- 
tained, was sulphuret of silver; and was similar, in every re- 


Spect, to the sulphurated or vitreous ore of silver, called by the 


Germans Glasertz. 
4E 2 


_ ö 


580 Mr. Hatcuzrr's Analysis o 


This effect on the silver was to be expected ; and I recollect 
to have read, not many months ago, in one of the foreign jour- 
nals, that Mr. Pxovst had examined an incrustation, of a dark 
grey colour, formed in the course of a very long time, on some 
Silver images, in a church at (I believe) Seville. This incrus- 
tation he found to be a compound of Silver with 5 or, 
in other words, vitreous silver ore. 

The same principle is the cause of the tarnish which silver 
plate contracts with so much ease, particularly in great cities; 
for this tarnish is principally a commencement of minerali- 


Z⁊ation on the surface, produced by the sulphureous and he- 


patic vapours * — the atmosphere, in aueh : 
places. 


To Mr. WiskwAx's observations we are much indebted, as 
they make known the recent and daily formation of martial 
pyrites, and other ores, under certain circumstances. It is not 


to be supposed that such effects are local, or peculiar to Diss 


| Mere; on the contrary, there is reason to believe that similar 
effects, on a larger scale, have hoon, and are now, daily pro- 

duced in many places. | 
The pyrites in coal mines have, probably, in great measure 
thus originated. 

The pyritical wood also may thus have been produced; and, 
by the subsequent loss of sulphur, and oxidation of the i iron, 
this pyritical wood appears to have formed the wood-like iron 
ore which is found in many parts, and particularly in the mines 
on the river Jenisei, in Siberia. 

In short, when the extensive influence of pyrites in the mi- 
neral kingdom, caused by the numerous modifications of it, in 
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the way of com position and decomposition, is considered, every 
thing which reflects light on its formation becomes interesting; 
and I cannot but regard as such, the effects which Mr. Wis- 
MAN has observed in the Mere of Diss. 

With great respect, I remain, &c. 


The Right Hon. Sir Jos EPA Bax xs, Bart. 
1 K. B. P. R. S. &c. 


Ita. 
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CHARLES HATCHETT. 
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XXIV. A Catalogue of Sanscrita Manuscripts presented to the 
Royal Society by Sir William and Lady Jones. By Charles 
Wilkins, A F. R. S. 


AE Read June 28, 1798. | 


1. 4. M.nA,-BRA RA TA. 


A poem in eighteen books, exclusive of the part called - 


dansd, the whole attributed to Crisbna Dwaipdyana Vyasa ; with 


eopious notes by Nila-canta. This stupendous work, when per- 


fect, contains upwards of one hundred thousand metrical verses. . 
The main subject is the history of the race of Bharata, one of 
the ancient kings of India, from whom that country is said to 


| have derived the name of Bbara ta-varsha ; and more particu- 


larly that of two of its collateral branches, distinguished by the 


patronymics, the Cauravas and the Pauravas, (so denomi- 
nated from two of their ancestors, Curu and Puru,) and of 


their bloody contentions for the sovereignty of Bhdrata-varsba, 


the only general name by which the aborigines know the coun- 
try we call India, and the Arabs and Persians Hind and Hin- 
dostan. But, besides the main story, a great variety of other 


subjects is treated of, by way of introduction and episode. The 
part entitled Raghu-vansa, contains a distinct history of the 
race of Crisbna. The Maba-bbarata is so very popular through- 
out the East, that it has been translated into most of its nu- 
merous dialects; and there is an abridgment of it in the Per- 


® The Sanscrita words are spelt according to the method practised by Sir Wir - 
__ Liam JONES, in his works. 
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Sian language, several copies of which are to be found in our 
public libraries. The Gitd, which has appeared in an English 
dress, forms part of this work; but, as it contains doctrines 
thought too sublime for the vulgar, it is often left out of the 
text, as happens to be the case in this copy. Its place is in 
the 6th book, called Bbisbma-parva. This copy is written in 
the character which, by way of pre-eminence, is called Deva- 
nagart. Ly * 
1. b. Ditto. 
Another copy, without notes, written in the — pecu- 
liar to the province of Bengal, in which the Brabmans of that 
country are wont to transcribe all their Sanscrita books. Most 
of the alphabets of India, though they differ very much in the 
Shape of their letters, agree in their number and powers, and 
are capable of expressing the Sanscrita, as well as their own | 
particular language. This copy contains the Gitd, in its proper 
place. 2) © - 
2. a. Ramayana. 
The adventures of Rama, a poem in seven books, with notes, 
in the Devandgari character. There are several works with the 
same title, but this, written by Valmici, is the most esteemed. 
The subject of all the Ramdyanas is the same: the popular 


story of Rama, surnamed Dasarathi, supposed to be an incar- 5 


nation of the god Visbnu, and his wonderful exploits to recover 

his beloved Sitd out of the hands of Ravana, the gigantic 

tyrant of Lancd. LJ. | 
2. b. Ditto. 


Another copy, in the Bengal character, without notes by 
Valmici, LI, 
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384 
2. c. Ditto. 
A very fine copy, in the Devandgari character, without 
notes; but unfortunately not finished, the writer having been 
reduced to a state of i insanity, by habitual intoxication. S. W. J. 
3. a. Sri Bbagavata. 
A poem in twelve books, attributed to 1 Dwaipdyana 
Vydsa, the reputed author of the Mabd-bhdrata, and many other 
works; with notes by Sridbara Swami. Devanagari character. 
It is to be found in most of the vulgar dialects of India, and in the 
Persian language. It has also appeared, in a very imperfect 
and abridged form, in French, under the title of Bagavadam, 
translated from the Tamul version. The chief subject of the 
Bbagavata is the life of Crisbna; but, being one of that Spe- 
cies of composition which is called Purdna, it necessarily com- 
prises five subjects, including that which may be considered the 
chief. The Brahmans, i in their books, define a Purdna to be 
« poem treating of five subjects: primary creation, or creation 
« of matter in the abstract; secondary creation, or the produc- 
tion of the subordinate beings, both Spiritual and material; 
A chronological account of their grand periods of time, called 
Manwantaras; genealogical rise of families, particularly of 
* those who have reigned in India; and, lastly, a bistory of the 
« lives of particular families.” There are many copies of this 
work in England. DL 1 85 =, 
3. ö. Ditto. = 

Another copy, in the Ben gal character, without notes. 
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Lo J. 
1 Ditto. 
Another copy, on palm leaves, i in the Bengal character, 


8. W. J. 


- 
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4. Agni Purdna. 

This work, feigned to have been —— by Agni, the god 
of fire, contains a variety of subjects, and seems to have been 
intended as an epitome of Hindu learning. The poem opens 


with a short account of the several incarnations of Yishnu'; 


particularly in the persons of Rama, whose exploits are the 


served at them; a treatise on astronomy, or rather astrology ; 


. a variety of incantations, charms, and spells, for every occa- 
sion; computation of the periods called Manwantaras ; a de- 
scription of the several religious modes of life, called A'srama, 

and the duties to be performed in each of them respectively; 


rules for doing penance; feasts and fasts to be observed 
throughout the year; rules for bestowing charity; a disser- 
tation on the great advantages to be derived from the mystic 
character OM! with a hymn to Vasisbta. The next subject 

relates to the office and duties of princes; under which head 


are given rules for knowing the qualities of men and women; 
for choosing arms and ensigns of royalty; for the choice of 


precious stones; which are followed by a treatise on the art of 
war, the greatest part of which is wanting in this copy. The 
next head treats of worldly transactions between man and 


man, in buying and selling, borrowing and lending, giving 


and receiving, Sc. Sc. and the laws 3 them. Then 
MDCCXCVIII, $1 F 


theme of the Ramdyana, and of Crisbna, the material offspring 
of Vasudeva. Then follows a history of the creation; a tedious | 
dissertation on the worship of the gods, with a description of 
their images, and directions for constructing and setting them 
up; a concise description of the earth, and of those places 
which are esteemed holy, with the forms of worship to be ob- 
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follow certain ordinances, according to the Veda, respecting 


means of security from misfortunes, &c. and for the worship of 


the gods. Lists of the two races of kings, called the Suryavansa, 


and the Chandravansa ; of the family of Tadu, and of Crisbna; 
with a short history of the twelve years war, described in the 
Mahbd-bbirata. A treatise on the art of healing, as applicable 


to man and beast, with rules for the management of elephants, 


horses, and cows; charms and spells for curing various disor- 
ders; and the mode of worshipping certain divinities. On the 


letters of the Sanscrita alphabet; on the ornaments of speech, 
as applicable to prose, verse, and the drama; on the mystic 


signification of the single letters of the Sanscrita alphabet; a 


grammar of the Sanscrita language, and a short vocabulary. 
The work is divided into 953 short * and i is written in 


the Bengal character. 
5. Calica Purdna. 


A mythological history of the goddess Call, i in verse, and her 


L. J. 


adventures under various names and characters; a very curious 
and entertaining work, including, by way of episode, several 


beautiful 1 — particularly one founded upon the motions 
of the moon. There seems to be something wanting at the 


. Bengal character, without notes. L.. J. 
6. a. Vdyu Purdna. 
This work, attributed to Vayu the god of wind, contains, 


among a variety of other curious subjects, a very circumstan- 


tial detail of the creation of all things celestial and terrestrial, 


with the genealogy of the first inhabitants; a chronological 


account of the grand periods called Manwantaras, Calpas, &c.; 


a description of the earth, as divided into Dwipas, Varsbas, &c., 


with its dimensions in Tyanes; and also of the other planefs, 


and fixed stars, and their relative distances, circumferences of 


orbits, Sc. Sc. Written in the Devanagari character. L. J. 
6. b. Ditto. 


A duplicate in the De&vand dgari character. FV. . 
7. Vriban Naradiya Purana. 


This poem, feigned to have been delivered to Sanatcumira, 


by the inspired Narada, like others of the Purdnas, opens with 
chaos and creation; but it treats principally of the unity of 
God, under the title of Mabd Visbnu ; arguing, that all other 


gods are but emblems of his works, and the goddesses, of his 
powers; and that the worshipping of either of the triad, creator, 


preserver, or destroyer, is, in effect, the worshipping of him. 
The book concludes with rules for the several tribes, in their 


spiritual and temporal conduct through life. It is a new copy, 
in the Bengal character, and, for a new copy. remarkably 
correct. LJ. J. 

8. Naradi ya Purdna. 


This poem treats principally on the e * Visbnu, as 


| practised by Rukmangada, one of their ancient kings. Deva- 
nagari character. S. W. J. 5 
9. 4. Bhavisbyottara Purdna. 
2 second and only remaining part. The oubject i is con- 
fined to religious ceremonies. Devandgari character. S. W. J. 
9. b. Ditto. 
With an Index. D#vandgari character. L. J : 

10. Gita-gdvinda. 
A beautiful and very popular poem, 4 Sai upon 
Crisbna, and his youthful adventures. Bengal character. L. J. 
11. 4. Cumara Sambhava. 
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An epic poem on the birth of Cartica, with notes, by Cali- 


dasa. Devandgari character. The notes are separate. Ly. J. 


11. b. Ditto. 
A — of the text only, in the ge” character. 


LV. J. 
12. Naisbadba. 


. adventures of Nala; a | poem, with notes. Bengal cha- 


| 13. Bban. 4 K il! k 


A popular heroic poem, i in the Bengal character. LI. J. 
14. Nagbu-vansa. 
The race of Crisbna, a poem by Calidas, with notes. Deva- q 


nagari character. Ly. J. 


1 ribatcathd. 

Tales in verse, by Somadeva. Devandgari character. Ly. J. 
16. Singbasdnad. 

The throne of Rijd Vi cramddi tya; a series of instructive 
tales, supposed to have been related by thirty-two images 
Devandgari character. It has been 


17. Cathd Saritsdgara. 
A collection of tales 10 Somadeva. Devand dgari ane, 
. 
18. Jes 1 
The seventy tales of a parrot. Dia character, 8. W. 1. 
The Persians seem to have borrowed their Tuti-ndma from 
this work. 5 
19. Rasamanjari. 


The analysis of love, a poem, by Boanudatta Misra. De- 
vandgari character. L. J. — 


Wy 


of Sanscrita Manuscripts. 
20. Santisataca. 9 7 
A poem, in the Bengal character. . 
21. Arjuna Gitd. 
A dialogue, something in the manner of the Bbagavat Gitd. 


Devandgari character. L.. J. 

22. Hitopadesa. 

Part of the fables translated by C. W. Written in the 
Bengal character. 1L 
23. Brahma Nirupana. 
On the nature of Brabmd. Devandgari character. Imper- 
wa DJ. EL SORE EE, 
24. Megbuduta. 
A poem. Bengal character. . 
25. Tantra Sara. 


- Bengal character. S. W. J. 

26. Sabasra Numa. 8 

The thousand names of Visbnu.  Divendgeri character. 
EIN, . S. W. J. 
27. Ciratarjuntya. 5 
A poem, in the Bengal character. Ly. J. 

28. Siddbanta Siromani. EN 
— treatise on geography and astronomy, by Bbdxcardchdrya. 
b Devandgari character. S. W. J. 
29. Sangita Narayana. 1 


A treatise on music and dancing. Devandguri character. 
KW. I. 


30. Pribaddranyaca. 
Part of the Yajur Veda, with a gloss by Sancara..  Devana— 


gart character. TL. J. 


On religious ceremonies, by Crishndnanda | |Battdebirya. : 
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31. Ni iructi, or Nairucta. | | 

A gloss on the Veda. Devandgari character, L. J. 

32. Aitarè ya. 

A discourse on part of the Ne. Devandgari character. 


LV. J. 
3 g. Chandas. 
From the Sama Veda. Devandgari character. . . 
34. Magha Ticd. 
A comment on some other work. Devand agari character. 
1.1 


35. Rijaballabba. 
De materia Indorum medicd: by Nardyanadasd. Bengu cha- 
mack. .. 
36. Hatha Pradipaca. „ 
Instructions for the performance of the religious discipline 
called Yoga; by Swdtmardma. Bengal character. V. 
37. a. Mdnava Dbarma Sastra. 
The institutes of Manu, translated into English by S. W. J. 
under the title of © Institutes of Hindu Law, or the Ordinances 
« of Menu.” _ Devandgari character. Incorrect. I. J. 
37. b. Ditto. 
Du plica cate in the Devand dgari ia. very incorrect. 
L. J, 


8 Mugdba- bodba-ticd. 
A commentary on the Mugdha-bddha, which is a e ; 
grammar, peculiar to the province of Bengal, by Durga Diva. 
Bengal character. Four vols, L. J. 

39. Saraswati Vydcarana. 3 
The Sanscrita grammar called Sdraswati. (That part only 
which treats of the verb.) Devandgari character. L'. J. 


40. Sardvali. 

A grammar of the Sanscrita language. Incomplete. NG 
character. EW - 

41. Siddhanta Caumudi. 

A grammar of the Sanscrita 8 by Runs Catyd- 
yana, and Patanjali; with a duplicate of the first part, as far 


as compounds. Devandgari character. L. 4 
42. a. Amara Cosa. 
A vocabulary of the Sanscrita ing with a grammatical 
comment. Not perfect. 23 — 1.3. - 
42. b. Ditto. 
The botanical chapter only, with a comment. Devandgari 
character. ©: 
42. C. Ditto. — 
The whole complete. Bengal character. 8. ves 4 
43. Medini Cosa. 
A dictionary of the Sanscrita bages, Divanigari cha- 
mer. 1.3. 
44. Veswapracasa Cosa. 
A dictionary of the Sanscrita language; ; by * 
W character. L. J. 
45. Sabda Sandarbba Sindu. — 
A dictionary of the Sanscrita language: Wo Casindtha Sar- =! 
man. It appears from the introduction, that it was compiled 1 
expressly for the use of S. W. J. The learned author is, at 


present, head professor in the newly- established college at 1 

Varanasi. Devandgari character. Two vols. folio. LI J. 9 

46. Venisanhara. ; i 

A drama, Sanscrita and Pracrita, in the Dunne) character. = 
Ly. * $ ö 


— . , TIC 
8 l 


53. Ratudvali. 285 
A drama, Sanscrita and Pracrita. Bengal character. 


55. Manavicdgnimitra. e 5 
A drama, — and Praerita. Bengal character. 


= - Mr. WILKINs's Catalogue 


47. Mabd Nataca. 
A drama, Sanscrita and Pricrita, in the Bengal a 
L. J. 


3 Sacuntala. 
A drama, Sanscrita and Pricrita, in the tis char, 


This is the beautiful play which was translated into English 
by 8. W. J. bat ot" the" copy he welt er Gat purpose. 


.. 


49. Malati and Madbava. 


A drama, Sanscri ta and Pricrita, in the + Bunge! n 
2" Be, 


30. Hisydrnava. 
A _ Sanscrita and Pricrita, i in the Bengal character. 


REES 


- "I Cautuca Survastwam. 
A farce, Sanscrita and Pricrita, in the Bengal charnoter. 1 


L. J. 


32. Chan drdbbisbeca. „ 
A drama, Sanscrita and Pricrita. Bengal character. 


RIES. - 


Lv. J. 


54. Vi cramorvasi. 


A drama, Sanscrita and Prierita. Bengal character. 


Ly. J. 


L. J. 


9 


LG 


of Sanscrita Manuscripts. 593 
56. A catalogue of Sanscrita books, on various subjects. 
Devandgari character. L. J. 


N. B. Those articles in the above catalogue, marked S. W. J. 
were presented by Sir WILLIAM Joxxs; and those marked 


L. J. by Lady Jones. A catalogue of the Persian and Arabic 
 MSS. presented by them, will be given in a future volume. 
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ROYAL SOCIETY, 
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From November 1797 to June 1798 


NAMES or THE DONORS. 


PRESENTS. 


M „ dies e Bo: 


tropolitanæ. Tom. IX. et X. Petropoli, 1795 et 
1797+ 


4* 
Transactions of the Society for the Encourage- 
ment of Arts, Manufactures, and — 


Vol. XV. London, —_— g9 


Catalogus Bibliothecz Historico-Naturalis Josephi 

Banks, auctore J. Dryander. Tomus III. Lon- 
dini, 1797. go 

An authentic Account of an Embassy from the 
King of Great Britain, to the —— of China, 
by Sir G. Staunton. London, 1797. 2 Vols. 4to, 


and one Volume of Plates, in folio. 


Beitrage zur chemischen Kenntniss der Mineral- 


korper, von M. H. Klaproth. 2 Band. Posen, 


 —_— 8 
Annuaire de la Republique Frangoise, par le Bu- M. 
reau des Longitudes, pour PAnnee 6. Paris, 


An 5. 128 
Pa relative to certain American Antiquities. 


hiladelphia, 1796. 8 
4 M. Rougier-Labergerie, 


Essai politique et ph 21 ue zur le Commerce 
at Sa Paix, par J. . 


1797 
Tables of Weights and Measures, by G. Fair 


8 


F. M artyn. No. 1. 4 
A Journal of Natural Philosophy, by W. Nichol- 
son. No'. 5, 6, 7 and 8. 

16. Some Account of the Cathedral Church of Exeter. 

London, 1797. fol. 


40. 


non-descript Moths and Butterflies, by | 


DONORS. 


The Imperial Academy 


of Sciences of Peters- 
burg. 

The Society for the En- 
couragement of Arts, 


Manufactures, and 


Commerce. 


UC - hag 


Professor Barton, of Phi- 


tadelphia. 


de P Institut de France. 


Mr. George Fair. 

Mr. Thomas Martyn. 
Mr. William Nicholson. 
The Society of Anti- 


quaries. . 
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Dec. 7. Practical Observations on the Treatment of Stric- 
tures in the Urethra, by E. Home. 2d edition. 


London, 1797. 8⁰ 


A — Natural Philosophy, by W. Nichol- 
$00 9- 
14. The Morbid Anatomy of some of the most impor- 
tant Parts of the Human Body, by M. Baillie. 
2d edition. London, 1797. : 
ONS a CEPT on Botany, in 30 
arts 


1798. 


* 11. Essai sur les Ouvrages physico-mathematiques de 


Leonard da Vinci, par }. B. Venturi. Parts, 


PAng. 


Recherches experimentales sur le Principe de A 
Communication laterale du Mouvement dans les 


 _ Fluides, par J. B. Venturi. Paris, An 6. 8? 
Observations on the various Systems of Canal Na- 
vigation, by W. Chapman. London, 1797. 4* 
18. New Views of the Origin of the Tribes and Na- 
tions of America, by 
r 
Angulorum rectæque Liner Trisectio, et consec- 
taria Circuli Quadratio; utramque detexit J. N. 
Revay. Viennæ, 1797. 80 
Index Plantarum in Horto Botanico Academiz Ha- 
lensis cultarum. Halz, 1797. — 
A Meteorological Journal of the Year 1797» _ 
in London, by W. Bent. London 
Observations in Defence of a Bill lately W 


Sur 

valier. 

A Journal of Natural Philosophy, by W. Nichol- 
Son. No. 10. 

25. The Coal Viewer, and Engine Builder's practical 


Companion, by J. Curr. Sheffield, 1797. 4 


| Feb, 1. An Essay on the comparative Advantages of verti- 
cal and horizontal Windmills, by R. Beatson. 


London, 1798. * 
A Journal of Natural Philosophy, by W. Nichol- 


son. No. 11. 

4 F. ——_—— Institutiones Physiologice. 
Gottingæ 

8. Annals of Nies Riedle for the Vear 1797, by A. Dun. 
can, sen. and A. Duncan, j jun. Vol. II. Edin- 
burgh, 1798. 89 
22. Connoissance des Tems pour l' Annee 7, publice par 
le Bureau des Longitudes. Paris, VAn 5. 8“ 


Memoire sur PInterieur de PAtfrique, par J. La- 
lande. 


3 4* 8 


DONORS. 


Everard Home, 
F.R.S. * 


Mr. William Nicholson 


Matthew Baillie, M. D. 
F, R. 8. \ 


 Alexendes Duncan, Esq- 


F. R. 8. 


Professor Venturi, of 


Modena. 


Professor Barton, of Phi- 
8. Barton. 1 5 
8⁰ 


ladelphia. 


Professor Revay, of 


Gran. | 


Professor Curt — 


of Halle. 


Mr. William Bent. 


Mr. Thomas Chevalier. 
into Parliament, for erecting the Corporation f ” | 
geons of London into a College, by T. Che- 
London, 1797. - - 


Mr. William. Nicholson. 


Charles Hatchett, Es- 
F. R. S. 


Robert Beatson, Esq. 


ö Mr. William Nicholson. 


Professor Blumenbach, 


F.R.S. 


Andrew Duncan, sen. 


M. D. and Andrew 
Duncan, jun. M. D). 
M. Lalande, F. R. 8. 


— 
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Essai sur les Causes de la Perfection de la Sculp- 
ture antique, et sur les Moyens d'y atteindre, 
N le Chev. Louis de Gillier. Londres, 
1798. 8⁰ 

March 1. Essays on the Microscope, by the late G. Adams. 
| 2d edition. London, 1798. 

Geometrical and Graphical Essays, by the late E. 
Adams. 2d edition. London, 17 

A Journal of Natural Philosophy, 1 W. Nebel. 
son. No“. 12. and 13. 

8. Physiology, by E. Peart. London, 1798. go 
15. Astronomisches Jahrbuch für das Jahr 1799, von 
J. E. Bode. Berlin, 1796. 8⁰ 
Astronomische tafeln von I. A. Koch. 9 


1797. 


Des Revolutions de France et de Geneve, par M. 
go 


D'Ivernois. Londres, 1795. 
Etat des Finances et des Ressources de la Repu» 
| blique Frangaise, au 1 Janvier 1796, par M. 


D'Ivernois. Londres, 1796. * 
 Histoire de P Administration des Finances de la Re- 72 


publique Frangaise pendant FAnnee 1796, par 
Sir F. D'Ivernois. Londres, 1796. 795 


Tableau de l' Administration de la Republiq ue 


Fran ndant 1 1797, par Sir F. 
Den Londres, 1798 oy 8⁰ 
ical Society 


Memoirs of the Literary Phi 
* „ Manchester, V ol. V. Part 1. 63 


1798. 
aun 19. A third Dissertation on Fever, by G. Fordyce, 
Part 1. London, 1798. 80 
Connoissance des 'Tems pour v Annes 8, publice yar 
le Bureau des Longitudes. Paris, An 6. 85 
A pm of Natural — by W. Nichol- 

son. No. 1 
26. West View of the Cast-Iron Bridge over the River 


80 


Wear, at Sunderland, drawn by Robert Clark, 


engraved by J. Raffield. 
Hints designed to promote Beneficence, Tem- 
perance, and Medical Science, Vol. I. London, 


1797. Ro 
Tracts a to Natural History, by J. E. Smith. 
London, 1798. * 


The Influence of metallic Tractors on the Human 
Body, by B. D. Perkins. London, 1798. 8⁰ 
May 3. Antiquities of Ionia, published by the Society of 
Dilettanti. Part 2. London, 1797. fol. 
A Journal of Natural Philosophy, by W. Nichol- 
”" * 3 | 

10. Transactions of the Royal Society of Edinburgh, 
Vol. IV. Edinburgh, 1798. 4 


: Kat. 


M. Louis de Gillier. 


Mr. William Jones. 


Mr. William Nicholson. 


E. Peart, M. D. 
Mr. J. E. Bode, F. R. 8. 


Sir Francis D'Irernos, 


The Literary and Philo- 


$ophical Society of 


4222 
1 2 Fordyce, M. D. 


M. Lalande, F. R. S. 
Mr. William OW TE 


Thomas Bowdler, Esq. 
F. R. 8. * 


John Coakley Lettsom, 
M. D. F. R. S. 


James Edward Smith, 
M. D. F. R. S. 

Benjamin Douglas Per- 
kins, A. M. | 

The Society of Dilet- 
tanti. 

Mr. William N icholson. 


The Royal — of 
1 


C 


rurszurs. 


15. A. Ueno Dieu nv & Dyphag. Edi | 


s I 
te Ame e 
Observatory at Greenwich, from 1750 to 2 
by J. Bradley. Vol. I. Oxford, 1798. 
| Trancactions of the Linnean Society. Vol. = 
-——— London, 1798. * 


June 7. An Account of the English Colony in New South 


Wales, by D. Collins. London, 
2 * by W . Nichol- 


-- $0. No. 1 


14: Athenian Letters, London, 1798. 6 Vids - 


Museum Worsleyanum. London, 1794. 2 


© "Naval Sermons, by J. 8. Clarke. | London, 1798. 


Astronomisches ahrbuch für das lahr 1800, _ 
E. Bode. in, 1797. go 


 Dritter Supplement-band zu Dessen Astronomi- a . 
schen jahrbiichern. Berlin, 1797. bs 2 op. 
e The Rev. William Qui 


21. A Chinese Calendar for 1771. 


rinted in the Tybet character. 


hog —ů— 
The View of Hindoostan London, 1798. 2 Vols. 


28. Lage on the Vencreal Disease, by W. Blair, 


Part 1. London, 1798. go 


. 


| Reflexions sur 8 Perfectibilits de V'Homme. 1797. Y 
. 
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anuecripts in the Tybet and Mongol 


wicke, F.R.S. © 
Right Hon. Sir Richard 
Worsley, Bart. F. R. 8. 
Rev. james Stanier 
Clarke, F. R. 8. 
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Mr. William Blair. 
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A 1 | page 


” YM ETHY, Mr. Joun. | Observations on the Forumina The. 
 besii of the heart, „ rates 2 aw; 0 Wo. 103 
Acid lithic, remarks on, OT oe ner” — 19, 34 
Adularia, specific „„ „ 
Astronomy, pbysic improved solution of a problem in, - aw 
Atmospberical refraction, singular instance of, - 357 


ATwooD, Gronkox, _ A disquisition on the «ability of chips, 201 
2 


Baxk ER, Trom as, Esq. Abstract of a register of the barometer, 
thermometer, and rain, at Lyndon, 1 in Rutland, for the year 1796, 130 


Barometer, register of, at Lyndon, in Rutland, - = 130 
Beam-compass, description — ». + uw 
Bezoar, Oriental, remarks on, > * 
Bird. Mr. John. Account of some scales made by him, 1 375 170, 177 
Bouguer, M. Remarks on some opinions of his, — 242 


Boux NOx, Count de. An analytical description of the crystalline 
forms of Corundum, from the East Indies, and from China, 428 
Broucnran, HEXRV, Jun. Esq. General Theorems, chiefly Po- 
risms, in the higher geometry, _ - — 378 
— Remarks on bis opinions re- 
 specting light, - — — % ͤ;;ö;ͤ;Ü—ꝛ 


Clairbois, M. Remarks on some opinions of his, 
: Cranxs, onx, M. D. Account of a tumour found in the cub- 


Clay, pit, account of a substance found in one, — - 


- 89 Y brass, examination n of one, 


Dog, « on an r concretion from one, - ES 


„3 method of observing, — — 1 


C 
cal on the cnpeden of, +. - „ 1 
— roo, 8 1 — 
— on one from a rabbi Mb - a." 42 
on those of the horse, 1 — 43 
Cannon, on the heat excited in boring em, 81 


Cavenvisn, HENRV, Esq. 2 to determine the 4. 
it of the earth, 
Chapmasn, Mr. Remarks on a rule employed by him, 


_ 8tance of the human placenta, 


1 


Concretions, urinary, on the composition of, - 3 
— — on one from a dog, — „ 
=—— ON one from a rabbit, .„ßf . An. 
———— on thoee of the horse, — 43 
Copper, effect of the Mere of Diss * it, 3 — 8 570 
Corundum stone, account of, = — - 403 
— — — peciße gravity of. 1 BY + 411,416, 445 
— zl of, F — 417 
— — description of its crynale, we > 428 
Cube of brass, examination of one, = 144 151, 152 


Cuffnells, on the dimensions of the ship 30 called, © 2 


— price of, at different n CB oe 
Density of the earth. See Earth. „ 
Depreciation of money, remarks. on 


Diamond, specific gravity of. 7 
Diss Mere. See Mere of Diss. DEL Us 143 29021} 


'E 
Earth, density of. ——_— to determine, - Veoh 
apparatus used therein, 3 3 


— — account of the experiments, — — 


——— method of computing, from the experiments, 
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e perturbations - method of AY — converging 
series, useful in computing them, 527 
ions, on their roots, = =- - - - 369 
Nr, Sir Grone SyuckBurGn., An accourit of some en- 
deavours to ascertain a standard . ZW 
. 666 3 4 
F 
| Feld par, , specific gravity of, 1 — - 412 
Fluids, on the resistance of bodies . them, >. 88 
Foot, Roman, on the length of, — „„ 
Foramen Ovale of the beart, remarks on, ʒʒ- » a 
Foramina Thebes1ii of the beart, 9 _ 10 
3 Ca ac. i... 4-8 
G 
Ganzow, Mr. Rowan Letter from, conceming the Corun- 
dum stone, 405 
| Georgium Sidus, on the satellites * — V 
— retrograde motion of its satellites, „ +: 
— ot investigation of additional , 5... 
———= an interior satellite. — — 59 
—— an intermediate satellite, - Pans” 
— an exterior satellite, . > i. 8 
— . — — the most distant satellite, ß. 64 
3 — on its supposed rings, . F 
N on the flattening of its polar regions, TEES. © 
... on the light and dire of its catellues, - - 
— = on the vanishing of its satellites, "0 7” | 
| —— - on the revolutions of the new satellites, „ 
Gold, oxide of, experiments on its reduction, -— 450, 4 
Graham, Mr. George. Account of a 18 of measure 3 
: —— non” — 167 
GED LLE, The Right Hon. CuanLes. on the Corundum tone F 
from Asia, — - * N 
H | 
Harris, Mr. Account of some * weights made by him, 173 
Hastings, account of a phenomenon seen there, - 357 
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Harenzrr, CnAR IIS, Exq.- is of the earthy substance 8 * 
from New Soul Wales clled rden r Terra Austratis,” - 110 
An — b the Mere + 
_— Diss, * — 572 
Heart, dds Foramina Thebexii of is, nn bn 030 
- account of an unusual formation of it, - EV EY 335 
Heat, on that excited by friction, ES ; 
Helena, St. diurnal variation of the magnetic node þ in that rand, 397 
n f e The Rev. Joun. A new method of computing the value 
of a slowly converging series of which all the terms are affirmative, 18g 
2 * Bll . Io — solution of a problem 
in physical astronomy; by which, swiftly conv series are 
obtained, which are useful in computing {bp pert ations of he 
| motions of the Earth, Mars, and Venus, by their mutual attrac- 
tion. To which is added an a ppendix, containing an easy 
method of obtaining the sums of many slowly converging series 
which arise in taking the fluents of binomial surds, &c. —<- 527 
ene WILLIAM, LL. D. On the discovery of four addi- 
tional satellites of the Georgium Sidus. The retrograde motion 


of its old satellites announced; and the cause of their ** e's 

pearance at certain distances from the planet explained, 47 

Homes, EVvzRARPD, Esq. An account of the orifice in the retina l * 
the human eye, discovered by Professor Soemmering. To 


which are added, proofs of this — 8 extended to. 
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tde eyes of other animals - 99 
Horse, on urinary concretions of that o 49 
| * balance, description of 3 88 139 
Immersion of animals, remarks on, V 
1 specific eravity of, -. 3 Wo es a7 
Jones, Sir WIILIAN and Lady. A catalogue of Sanscrita ma-= = 

nuscripts presented to the . Society by them, = 582 
Klaprotb, Mr. Analysis of Corundum, — 7 417 
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LarnAM, WII LI Au, Esg. Account of a Singular i instance of at- 
moopherical refraction, c 22 — 8 357 


8 wn 
"Lockers; Bakerian, 6 1 A 
Light, on its reflexibility,  - - 


on the chemical properties atriduted to it, bg 
e 4 | 


M a 


Macbon alp, Joux, Eq. Observations of the diurnal variation 
of the magnetic needle, in the island of St. Helena; with a con- 
tinuation of the observations at a ort Marlborough, in the 


island of Sumatra, - - - 397 
Manuscripts, Sanscrita, catalogue of, — - 3 
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